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ANEURISM OP THE HEART. 

WITH REPORT OF A CASE ASSOCIATED WITH MEDIA8TIN0- 
PERICARDITIS. 



J. B. Mcelroy, m.d. 

MEMPHIS, TENN. 



Little space is given to the consideration of this sub- 
ject in text-books on the principles and practice of 
medicine, or even in those on diseases of the heart. By 
the earlier medical writers the term "cardiac aneurism^' 
was used to signify enlargement of the heart. Thus 
Auenbrugger and Corvisart used tlie terms "aneurysima 
activa," signifying enlargement from hypertrophy, and 
"aneurysima passiva," signifying enlargement with dila- 
tation. Several years later John Hunter and his nephew 
Matthew Baillie, gave to the term its modem signifi- 
cance, viz., a partial dilatation of the cardiac wall ; hence 
aneurism of the heart was often spoken of as partial 
aneurism. 

In the general literature to-day three diflEerent condi- 
tions are spoken of under the term aneurism of the 
heart, namely : 

1. Aneurismal dilatation of the coronary arteries, 
which may vary in size from a mustard-seed to a cherry, 
may be multiple or single, and is due to sclerosis or em- 
bolism of these vessels. 

2. Aneurism of the valves of the heart, by which is 
meant a cavity in the substance of the valve, containing 
pus or other inflammatory products, clotted blood or 
debris. These arise from small areas of endocarditis, 
either on the surface or in the substance of the valve, 
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and according to Drasche, who does not agree with some 
other authors, is more frequent in the mitral valve. 

3. Aneurism of the cardiac walL 

The first two conditions are almost wholly of patho- 
logic interest, but their inclusion under the term 
"aneurism of the hearf^ has somewhat confused the 
statistics on the subject. 

It is to the third condition, or aneurism of the cardiac 
wall, that I shall refer in this paper. This is not of 
very frequent occurrence, as will be seen from the state- 
ment of Philip D. Bourland, who was able to find but 
two cases reported by American authors during thirteen 
years prior to 1904. In 1867 Pelvet collected reports 
of eighty-seven cases from the world's literature up to 
that time. In 1883 Legg made cardiac aneurism the 
subject of his Bradshaw lectures, in which he collected 
reports of ninety cases, probably including those of 
Pelvet. According to Warthin, more frequent reports 
of the condition have been made since that time, and 
there are now in the literature reports of possibly three 
hundred cases. 

REPORT OP CASE. 

Patient. — D. R., white, male, aged 49, was admitted to St. 
Joseph's Hospital, Dec. 24, 1907, to the service of Dr. W. T. 
Braun, to whose courtesy I am indebted for the privilege of 
observing the case. The patient complained of shortness of 
breath and dropsy. 

Personal History. — Family history was negative. The pa- 
tient had frequent attacks of malaria in Arkansas; also had 
grip, pneumonia and gonorrhea. He was kicked by a mule 
several years ago, losing the sight of his right eye. He had 
never had rheumatism and denied syphilis; had used alco- 
holic drinks moderately and had worked hard. About two 
years prior to this admission, he came to St. Joseph's Hos- 
pital complaining of shortness of breath and dropsy. Accord- 
ing to the patient, after a prolonged stay, he returned home 
apparently w^ell, and had no further trouble until a short time 
before his last admission. 

Present Illness, — He had some pain in the chest, the loca- 
tion of which he was unable to define. It had not been severe. 
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had not radiated to the side of the neck nor to the arm, and 
had not been associated with the fear of death. He had diflS- 
culty in getting his breath, especially on exertion, and at times 
the dyspnea had been so great as to require him to sleep sit- 
ting up. He had lately had some edema of the feet and 
ankles and had suffered with swelling and fulness of the 
abdomen. 

Physical Examination. — The patient was a fairly well-nour- 
ished man. The skin was subicteric, the mucous membranes 
pale; there was a cataract in the right eye, slight edema of 
the feet and legs; no glandular enlargements. 

Chest: There was dyspnea and slight impairment of re- 
spiratory expansion at the left base. There was a pulsating 
tumor in the chest wall, in the apex region. This pulsation 
seemed to be expansile and to correspond to the apex impulse. 
There was no systolic retraction in this area nor in the left 
back. There was some pulsation of the carotids, though not 
marked. The jugulars were not distended on deep inspiration 
and there was no diastolic collapse of these vessels. The 
peripheral veins were abnormally full. The abdomen was dis- 
tended, but there was no distention of the abdominal veins. 

Palpation: Vocal fremitus was possibly diminished over the 
left lower chest. The pulsating tumor was connected with 
the apex impulse, which was in the seventh interspace half an 
inch within the anterior axillary line. It was distinctly ex- 
pansile. There was no thrill present nor any diastolic shock. 
It was rather forcible and lifted the palpating finger in all 
directions. The radials were palpable. The pulse was some- 
what irregular in rhythm and much weaker than one would 
expect from the heaving character of the apex impulse. There 
was no perceptible irregularity of the pulses nor appreciable 
collapse. The lower border of the liver could be felt below 
the right costal border on deep inspiration. The spleen was 
barely palpable, and there was little tenderness in these re- 
gions. 

Percussion: The note over the left lower chest posteriorly 
was very dull, almost flat. The area of cardiac dulness was 
markedly increased downward and to the left, where it did 
not extend beyond the limit of the apex impulse. Dulness 
extended also to the right of the sternum. 

Abdominal Cavity. — There was a considerable quantity of 
free fluid. 

Auscultation: Over the lungs the breath sounds were feeble 
and indistinct at both bases, especially posteriorly. The heart 
sounds at the apex were distinct and no murmurs were asso- 
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ciated with them. At the base there was a soft, feeble mur- 
mur, heard only in the third interspace to the right of the 
sternum. This had very little, if any, area of transmission, 
and pressure with the stethoscope did not intensify it. Neither 
the aortic second nor the pulmonic second was accentuated. 
The urine and blood were not examined. 

Diagnosis. — ^The diagnosis of fibroid myocarditis, hyper- 
trophy and dilatation of the heart with cardiac insuflBciency 
and aneurism of the left ventricle was made. Dr. Frank 
Jones saw the patient and concurred in the diagnosis. 

The patient continued in the hospital, being up and down 
until February 8, when he expired suddenly on getting up to 
stool. 

Autopsy. — Thirty-six hours after death; nutrition fair, 
weight about 160 poimds; height about 5 feet 10 inches; skin 
sallow. Scar 1x2 inches just above the right nipple. Globu- 
lar enlargement over the fifth, sixth and seventh interspaces 
two and a half by three inches wide, two inches outside' the 
nipple line. Abdomen distended; lower extremities edematous 
to the body. Rigor mortis not marked. No decomposition. 
Postmortem lividity in all dependent portions of the body 
and about the shoulders. Irregularity of the right pupil. 
Some of the mediastinal glands enlarged. Both pleurae ad- 
herent. The left pleura markedly thickened; no fluid in 
either pleural cavity. 

Pericardium: Adherent to both pleurae. Both layers thick- 
ened. The parietal layer completely adherent to the epicardium, 
obliterating the pericardial cavity. The heart enormously en- 
larged and removed with the pericardium; removal efi'ected 
with great difficulty, owing to the dense adhesions of all the 
structures in the mediastinum. Weight after opening with 
all clots removed, 1,145 grams (48.5 ounces). Blood in all the 
cavities. Chicken -fat clots in the auricles. The walls much 
hypertrophied and the cavities dilated; the left ventricle wall 
1 inch, the right 5/16 inch thick. A large dilatation about the 
size of an orange sprang from the apex of the left ven- 
tricle anteriorly. The communication with the left ventricle 
marked by a well-defined fibrous ring 2 inches in diameter. 
The width of the swelling, at the greatest diameter, 6*4 
inches; depth, 3 inches. The sac formed by roughened endo- 
cardium and myocardium (which was tliicker on the antero- 
lateral surface, but only about one-fourth as thick as the ven- 
tricular wall, the posterolateral wall being apparently without 
myocardium, very thin), and both layers of the pericardium 
adherent at the apex to the pleura and a portion of the seventh 
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rib, which was partially eroded. The cavity filled with dark 
clotted blood. 

Pulmonary Orifice: Three and a half inches in circumference, 
valves thin, smooth and apparently competent. Tricuspid % 
inch; valves smooth and closing orifice. 

Aortic Orifice: Two and three-fourth inches. Valves not 
sclerotic. Orifice apparently closed by valves. Slight fenes- 
tration of the middle cusp. 

Mitral Orifice: Four and seven-tenth inches. Valves normal. 

Heart Muscle: Fibroid changes. 

Ck>ronaries: Open in the auriculoventricular grooves. Ori- 
fices somewhat contracted. Vessels sclerotic. 

Root of Aorta: A few recent atheromatous patches. 

Kidneys: Enlarged; left larger than the right. Left pe- 
culiarly lobulated, containing an old scar and a small cyst. 
Capsules stripped with difficulty. Surface red; on cut surface, 
fibrous tissue increased. Cortex somewhat thickened. The 
organ dripped blood. 

Abdomen: Peritoneum smooth except in the hepatic region, 
and contained a large amount of dark fluid. 

Gall Bladder: Filled with a dark greenish fluid; walls thick- 
ened. Slight adhesions to surrounding structures. 

Liver: Enlarged. Dark red. Surface uneven, hobnail in places. 
Fibrous tissue distinctly increased. The organ dripped blood. 
Capsule thickened, presenting the appearance of Curschmann 
Zuckergussleber. 

Spleen: Enlarged. Cut surface dripped blood. Fibrous tissue 
increased. A supernumerary spleen about the size of an 
English walnut attached to the organ. 

Microscopic Examination. — Sections of tissue were fixed in 
formalin, embedded in celloidin and stained with hematoxylin 
and eosin for microscopic study. 

Heart: In some areas the terminal coronary arteries were 
blocked, showing typical anemic infarcts. The fibrous tissue 
was generally increased. In many areas the muscle cells were 
necrotic, which seemed to be the result of lack of nutrition. 
Endarteritis had caused obstruction of the arteries, which 
formed areas of fibrous myocarditis of, what Cowan describes 
as, the para-arterial type. There were also areas of fibrous 
overgrowth — perifascicular fibrosis — ^which corresponded to the 
same author's periarterial fibrosis. 

Sections through the aneurism showed adhesive pericarditis, 
degeneration of the myocardium and marked overgrowth of 
fibrous tissue. 
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Pathologic Diagnosis. — Hypertrophy and dilatation of the 
heart, fibrous myocarditis, aneurism of the left ventricle, 
mediastinopericarditis, cirrhotic liver, multiple serositis, and 
cirrhotic kidney. The microscopic findings in the liver should 
have been included, as these are important in connection with 
mediastinopericarditis. 

CAUSES AND USUAL LOCATION OP ANEURISM OF THE 
HEART. 

According to Warthin, aneurismal dilatation of the 
heart wall may be congenital, due to defective develop- 
ment of the heart muscle, and found in infants and 
young children. This may occur in any part of the 
heart wall, but is more frequent in the membranous por- 
tion of the ventricular septum. 

The acquired form may be acute or chronic. The 
former may be due to inflammatory process in the heart. 
In this case the upper part of the septum is likely to 
be the seat, especially if the result of acute mural en- 
docarditis; or a dissecting aneurism may result Myo- 
malacia cordis may be the starting point of this form 
of aneurism, which usually increases rapidly in size and 
progresses to rupture. 

The majority of these dilatations, however, are chronic 
and result from the weakened cardiac wall giving way 
under intracardial pressure. This may occur at any 
age, but more frequently in advanced life. Walshe, 
writing on the subject in 1851, says that it has hitherto 
been most frequently observed between the ages of 20 
and 30 and in very advanced life, or in those periods of 
life when the agents are operative in producing the car- 
diac changes on which the condition depends, namely, 
syphilis in the young and the various heritages of old 
age, senility and fibrosis. 

For the same reason it is much more frequent in men 
than in women. In a total of two hundred and eight 
cases collected by Hare from various authors, he found 
that 74 per cent, were in males and 26 per cent, in fe- 
males. 
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Several pathologic processes have been described as 
giving rise to the weakening of the cardiac wall which 
results in aneurism. 

According to Cowan, whose admirable work on the 
fibroses of the heart I have drawn on in the preparation 
of this paper, the French writers especially have sug- 
gested that pericarditis may be an occasional cause of 
aneurism. He describes the theory of these writers thus : 

If the two layers become adherent over a sman area, the 
point of adhesion will be less mobile than the rest of the 
heart, and, with each systole, traction will be put on the 
part, and in course of time dilatation will result. The initial 
inflammation produces alterations in the superficial myo- 
cardium, and the chronic irritation resulting from the constant 
stress of the traction gradually leads to a fibrous condition 
of the aneurismal sac. . . . The objection to this theory 
may be stated as follows: Local pericardial adhesions are 
common and aneurism is rare, and the myocardium is but 
little involved in chronic pericarditis. I have never seen any 
fibrosis from such a cause even remotely resembling the fibrous 
sac of an aneurism. The pericardium, too, is not a fixed 
point, and it seems more reasonable to suppose that ;t and 
not the heart wall is dragged on by the systole of the ven- 
tricle. It is only in rare cases, where mediastinal adhesions 
fix the pericardial sac to the bony thorax, that such a mech- 
anism seems possible. 

I have quoted thus at length because the pathologic 
findings in my case apparently bear so directiy on this 
point. 

The widespread mediastinopericarditis, the firm union 
of the two layers of the pericardium over the aneurism, 
and their adhesion to the chest wall, would at first sight 
seem to furnish an ideal example in support of the 
theory of origin of aneurism from pericarditis. A more 
careful study of the case will, I think, show the wide- 
spread fibroid changes in the myocardium due to sclero- 
sis and thrombosis of the terminal branches of the coro- 
nary arteries. The fact that the obliterated pericardial 
cavity is clearly recent over all areas except immediately 
over the aneurism, and the fact that mediastinitis is also 
more recent than the aneurism, show that pericarditis 
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is at all events not the most important factor in the 
production of the aneuriBm. 

Scars resulting from traumatism to the heart mus- 
cle and from gummata have also been shown to be rarely 
the cause of these aneurisms. 

Most authors state that the conditions may occasion- 
ally depend on fatty degeneration independent of myo- 
cardial fibrosis. Cowan again thinks that the evidence 
here is not conclusive. There was no evidence of fatty 
degeneration present in my sections. 

Undoubtedly the great bulk of the cases are due to 
myocardial fibrosis which results from the complete or 
partial obliteration of the coronary arteries — which, I 
think, is the cause in this case. 

This explains also the most frequent seat of the le- 
sion, which is in the apical third of the left ventricle, 
and most frequently here on the anterior surface. 

According to Hall's statistics, the site of the aneurism 
in 112 cases was as follows: Left ventricle, 92 cases; 
right ventricle, 1 case; left auricle, 2 cases; ventricular 
septum (muscular part), 8 cases; ventricular septum 
(membranous part), 7 cases; auricular septum, 2 cases 
(Hare). This also coincides with the fact pointed out 
by Huchard that the left coronary artery, the descend- 
ing branches more especially, is much more frequently 
abnormal than the right. 

The aneurisms vary in size, from the size of an Eng- 
lish walnut to the size of a child's head. They are usually 
single, but may be multiple. The opening into the cav- 
ity of the heart is usually large, but it may be small, 
rendering the aneurism distinctly saccular. The sac 
contains clotted blood, and the walls are composed of 
endocardium, myocardium and both layers of the peri- 
cardium, which is nearly always densely adherent. It 
may erode the chest wall, as this one had partially done. 

SIGNS AND SYMPTOMS. 

There are no distinctive symptoms of cardiac aneu- 
rism, although, as Walshe says, almost every knowTi 
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symptom of cardiac disease has been present in these 
cases. Physical signs are usually equally lacking. It 
ifi only when the aneurism is large and favorably located 
that an antemortem diagnosis is possible. It was the 
expansile tumor clearly connected with the apex and its 
heaving character associated with a very weak pulse 
which enabled us to arrive at a diagnosis in this case. 
How seldom the diagnosis is made may be seen from the 
statement of Hall, who says that an antemortem diag- 
nosis was made only once in seventy-six cases. 

The signs and symptoms present are almost always 
due to the associated pathologic conditions, chiefly to 
chronic myocarditis, which was prominent in this case. 
These s}Tnptoms may, however, be any one of those 
characteristic of the three clinical groups of myocardial 
diseases, namely, those in which sudden death may oc- 
cur without previous indications of heart trouble, those 
in which there is arrhythmia, cardiac asthenia, etc., and 
those with general arteriosclerosis and hypertrophy and 
dilatation of the heart. 

ASSOCIATED LESIONS. 

This case illustrates so well those cases described by 
Pick as pericarditis, with pseudo-cirrhosis of the liver 
and known imder a variety of names, such as mediastino- 
pericarditis, multiple or polyserositis, Concato's disease, 
perivisceritis, etc., that I wish to speak concerning the 
diagnosis of this feature of this, to me, very interesting 
case. 

These cases of mediastinopericarditis may be divided 
into three groups clinically : 1. The silent, without signs 
or symptoms. 2. Those presenting all the features of 
cardiac disease. 3. Those in which the main features 
are hepatic. 

In this case, while the physical signs of adherent 
pericardium were not prominent, the evidence of thick- 
ened pleura, the fixation of the apex beat and the fre- 
quency with which concretic pericardii is known to oc- 
cur with cardiac aneurism, together with the hyper- 
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trophied and dilated heart, the enlarged and tender 
liver, and especially the marked ascites, out of propor- 
tion to the amount of edema present, should have led 
to the recognition of this condition virhich was found at 
autopsy. 

TERMINATION. 

In rare cases the sac has been obliterated by laminated 
clots. It is surprising how few of these chronic cases 
terminate in rupture of sac. Legg found this termina- 
tion in only 7.7 per cent, of ninety cases. By far the 
most frequent termination is from cardiac insuflBciency 
from myocarditis, s& was the mode of death in this case. 

Porter Building. 

DISCUSSION. 

Db. Robext Pbeble, Chicago, (exhibiting a boy with a car- 
diac aneurism) : This patient was shot a few months ago, 
the bullet entering to the left side of the sternum and at the 
time giving no special cardiac disturbances. Later the pa- 
tient developed a characteristic aneurism at the upper and 
outer portion of the left ventricle. 

Db. James B. Hebbick, Chicago: Dr McElroy's paper re- 
called the case, seen by me five or six years ago, of a colored 
man, about 30 years old. At autopsy, in addition to some 
valvular trouble, extensive adhesions and a mediastinoperi- 
carditis were found, as well as a chronic fibrous myocarditis. 
In one of the areas of cardiac softening, near the tip of the 
left ventricle, a rupture of the myocardium, evidently pre- 
ceded by an aneurismal dilatation, had occurred; this rupture, 
instead of occurring directly into the open pericardium, oc- 
curred in a weakened spot between the two adherent surfaces 
of the pericardium that were apparently dissected apart by 
the blood. This little sac of pericardium had, at the time of 
death, reached the size of a goose's egg. The interesting 
clinical feature in this case was that, high up in the epigas- 
trium beneath the xiphoid cartilage, was a visible, palpable, 
pulsating tumor, and over this could be heard a systolic bruit. 
The case presented many perplexing clinical features which 
made the diagnosis somewhat difficult. It was only at au- 
topsy that the real nature of the trouble was learned; then 
the little sac communicating with the left ventricle was clear- 
ly disclosed. 

Db. William J. Butleb, Chicago: I had a patient, a boy, 
10 years of age, who had primarily a congenital stenosis ot 
the pulmonary arterial tract. He acquired a septic endocardi- 
tis involving the pulmonary orifice. In addition to this, which 
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had been diagnosed clinically, there was found at autopsy an 
aneurism, the size of a walnut, of the right ventricular wall. 
It had apparently resulted both from an involvement of the 
mural endocardium and underlying myocardium in the in- 
flammatory changes, more or less fatty degeneration of the 
myocardium in general and the increased pressure in right 
ventricle. 

Dr. Jahes B. McElboy, Memphis: The diagnosis of these 
conditions is possible only when the aneurism is favorably 
located. A most favorable and valuable diagnostic point is 
the heaving character, the apex-impulse and expansile charac- 
ter, which is only possible when the aneurism is favorably 
located; then and only then, in my judgment, is a diagnosis 
possible. In contrast to ninety cases diagnosed postmortem, 
I have met but one case that was diagnosed antemortem. 
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CLINICAL ASPECTS OF TUMOBS OP THE 
MEDIASTINUM, 

WITH CONSIDEBATION OP THE FINDINGS IN FOUR 
CASES.* 



FRANK SMITHIES, MD. 

Instructor in Medicine and Demonstrator of Clinical Medicine, 
Uniyersity of Michigan. 

ANN ABBOR, MICH. 



The records of hospitals and postmortem rooms show- 
that mediastinal neoplasms, whether primary or second- 
ary, are uncommon. Of more than 7,500 autopsies on 
patients dying from all causes at the Marine Hospital, 
Cronstadt, one in fifty exhibited mediastinal growths. 
It has been estimated that one medical patient in 10,000 
shows mediastinal tumor of some form. Of more than 
25,000 general hospital patients at the University of 
Michigan Hospital, there have been, perhaps, a dozen 
cases of tumor of the mediastinal structures. It is ex- 
tremely interesting, therefore, that within the past year 
and one-half there have come imder observation four 
cases in the Medical Clinic presenting strong presump- 
tive evidence of mediastinal growth and, in addition, 
two in which the diagnosis was suspected. Perhaps this 
increased ratio is largely due to the increasing perfec- 
tion of clinical aids in the examination of patients gen- 
erally. 

In order to make clear the consideration of our cases, 
perhaps a brief review of the anatomy of the region 
commonly known as the mediastinum will be pardoned. 
The mediastinum is that interval between the pleural 

* From tbe Clinic of Internal Medicine of Prof. George Dock. 
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sacs. It extends from the neck to the diaphragm. The 
vertebral column is behind and the sternum is in front. 
For convenience, the space is divided into a superior 
space, which includes that portion above a plane passing 
between the junction of the gladiolus and the manu- 
brium and the foui-th dorsal vertebra, and an inferior 
space comprising all below. The inferior space is again 
divided into anterior, middle and posterior spaces. A 
knowledge of the structures contained in each of these 
spaces is important, inasmuch as it furnishes a guide to 
the size, position and extent of suspected growths. This 
seems especially desirable in view of proposed opera- 
tions. The superior space contains, in addition to mus- 
cles, the transverse portion of the arch of the aorta, the 
innominate, the left carotid and the subclavian arteries; 
the superior vena cava, the innominate and the left su- 
perior intercostal veins; the pneumogastric, cardiac, 
phrenic and the left intercurrent laryngeal nerves ; the 
thoracic duct, the remains of the thymus, the trachea 
and esophagus and numerous lymphatics. The anterior 
portion of the inferior space lies between the edges of 
the pleura and in it are the internal mammary vessels 
of the left side, a few lymphatic glands and a quantity 
of loose areolar tissue. The middle portion of the in- 
ferior space is largely occupied by the heart in the 
pericardial sac. In addition there are also the great 
cardiac vessels, the bifurcation of the trachea, the struc- 
tures at the roots of the lungs and numerous lymph 
glands. The posterior space is occupied by the lower 
part of the aortic arch, the thoracic aorta, the azygos 
veins, the thoracic duct, the esophagus, the pneumo- 
gastric and splanchic nerves and a few lymphatics. 

It is readily seen that the symptom-complex pre- 
sented by any class of mediastinal growths is largely 
dependent on the size and position of such growths. The 
great majority of tumors in this region arise in the 
anterior space of the inferior division. They are most 
commonly carcinomata, sarcomata or lymphomata and 
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have their origin in thymus remnants, lymph glands 
and connective tissue. In the middle space the primary 
focus is generally the lymph tissue. The tumors in this 
region may be of almost any variety. In the posterior 
space primary tumors are relatively uncommon. They 
may arise from lymph tissue, from the lung or its 
adnexa or from the esophagus. 

In general, the manifestations of the mediastinal 
growth depend on: 

1. The nature of the neoplasm; it may be a well- 
localized, discrete mass ; or it may by continuous spread 
involve the lungs, pleura, the air passages, the great 
vessels, the esophagus or the nerves; or it may be of 
such nature as to form metastases. 

2. The size of the tumor: small masses may cause 
local symptoms on the part of adjacent structures; 
large masses by extending through all the mediastinal 
spaces may furnish a puzzling symptom-complex. 

3. The general position: tumors of the anterior space 
may become early evident externally ; those in the mid- 
dle portion may be small but cause marked symptoms; 
those in the posterior division may early involve the 
gullet or thoracic duct. 

Mediastinal neoplasms produce signs and symptoms 
mainly as the result of the pressure they exert on 
bony framework, blood vessels, nerves or air-contain- 
ing tissue. One may expect thoracic deformity with 
protrusion of the sternum or caries of the spine. Pres- 
sure eifects on the lung and its adnexa mean early 
dyspnea, with more or less cyanosis, cough with sputum 
that may be characteristic (as in the case of dermoids) 
or early eifusion into the pleural sacs, causing interfer- 
ence with diagnosis. Pressure on the heart or the great 
vessels results in embarrassed circulation in its widest 
sense. Pressure on nerves may cause cough, hoarseness 
or even aphonia, alterations in the size of the pupils, 
changes in the heart rate or rhythm or reflex disturb- 
ances in the abdomen. Involvement of the gullet pro- 



Digitized by LjOOQIC 



23 

duces dysphagia with starvation emaciation. Interfer- 
ence with the thoracic duct may bring effusions into the 
serous sacs. Depending on the malignancy of the 
process, there may be loss of weight, weakness, anemia 
and metastatic foci. 

The four cases furnishing the material for this com- 
munication are interesting from many standpoints. One 
of them, a case of chronic cyanosis with erythremia, is 
unique. The diagnosis in all instances was presump- 
tive, so far as absence of postmortem material is con- 
cerned, but sufficient evidence is at hand to make the 
conditions reasonably certain. All the patients were 
adults. There were three males and one female. The 
youngest patient was 43, the oldest 67. They came to 
the hospital for such ailments as heart disease, asthma, 
chronic bronchitis, Bright's disease and laryngeal ob- 
struction. Three of the patients appeared to have affec- 
tions primary in the thorax. In the female the process 
was evidently secondary. Two patients had rapidly- 
spreading, malignant growths, and death supervened 
within less than a year after they came under observa- 
tion. In the remaining cases the neoplasmata are ap- 
parently of slow growth and the patients have been 
affected for some years. 

REPORTS OF CASES. 

Case 1. — This presents the clinical picture of chronic cyano- 
sis, with variable erythremia, but without evident splenic en- 
largement; attacks of asthmatic dyspnea; albuminuria; in- 
volvement of the mediastinal tissue as shown by symptomatic, 
physical and radiographic examination. 

Patient, — ^There was sent to the medical clinic in January, 
1907, an American laborer, aged 43, with complaints of diffi- 
culty in breathing, palpitation, frontal and occipital head- 
aches, chronic cyanosis, dropsy and general weakness. 

Hi8t<yry. — ^The family history of the patient was negative, 
with the exception that his mother recently had an amputa- 
tion for a thyroid tumor in the right tibia. Up to the age 
of 30 the patient was in good health. At this time he began 
to have asthmatic attacks, coming on at irregular intervals, 
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usually at night. The patient's habits were good, and there 
was no history of specific disease. About six years before en- 
tering the hospital, he had what he termed a severe attack 
of "asthma/' at which time his "wind was shut off sudden" 
by a "pressure just at the top of the breast-bone," and he be- 
came unconscious. He remained so for a few minutes. He 
had palpitation of the heart for some time afterward. About 
four years since he noticed blueness of his face, hands and 
feet, with variable swelling. He took medicine and believed 
that the blueness almost disappeared. It did not again be- 
come marked until September, 1906. At this time palpitation 
and cardiac distress, together with blueness, were so marked 
that he consulted a physician, who informed him that he had 
heart disease. He was put on treatment, but relief was only 
temporary. His blueness increased, becoming especially marked 
when he worked or when he was excited; palpitation and 
dyspnea became more troublesome. He began to have severe 
frontal headaches, was frequently dizzy and his eyes became 
prominent. A feeling of thoracic constriction was almost 
constant, particularly when he lay down. This feeling was 
most apparent in the region of the nipples. A blow on the 
chest or pressure downward from above the sternum pro- 
duced a sensation of "smothering." There was no difficulty 
in swallowing, and no marked gastrointestinal disturbance. 

Examination. — This revealed a man of medium build, with 
thin panniculus. There were no pronounced evidences of ema- 
ciation. Over the face and neck, particularly the nose, chin, 
lips and ears, there was a startling degree of cyanosis. The 
hands and feet were moderately blue, particularly so when 
the patient stood or allowed his arms to hang down. Then 
the cyanosis came on almost instantly and the peripheral 
veins were markedly prominent. \Vhen the patient lay down 
the face and neck were slaty blue. The cyanosis was less 
marked after he had lain for a few minutes. Exercise and 
psychic disturbances deepened the color perceptibly. The pal- 
ate and tongue were deep purple. The eyes were very promi- 
nent, especially the right eye, that eyeball protruding 6 mm. 
further forward than the left. The conjunctivfle were suffused, 
the right more than the left. The pupils were of moderate 
size, equal and active. The external jugular veins were in- 
jected and prominent. They filled from above. There was 
moderate pulsation of both carotids, rather more on the 
right. The thyroid was negative. There was no tracheal tug. 
Over the trunk the skin had a bluish cast. There was a fine 
punctate eruption over the chest (medication?). The thorax 
moved en cuirasae. The inspirations were shallow and not ac- 
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eompanied by much abdominal movement. There were no 
visible Litten's shadows, but there was slight inspiratory re- 
traction in the lower axillary spaces. The respiration rate 
was not increased when the patient lay quiet. It was rapidly 
increased on even slight exertion. The heart beat was faintly 
visible in the fifth interspace, well inside the nipple. It was 
not increased in rate. Palpation of the lungs was negative. 

Percussion is indicated in Figure 1. The liver dulness was 
low, the spleen barely made out. There was an abnormal sub- 
sternal dulness. with an atypically situated precordial outline. 
The areas of dulness did not change with change in position 
of the patient. Outside the areas of actual dulness there was 
a poorly defined zone of diminished resonance. Traube's space 
was tympanitic in a small area in front. The liver dulness 
bejiran at the tenth rib in the mid-scapular line, posteriorly. 




Ficr. 1. — A, atypical thorracic dulness ; B, cardiac dulness ; C, 
spleen; D, liver; E, area of diminished resonance. 

Auscultation of lungs: There was diminished vesicular 
breathing throughout the entire right side to the fifth rib. 
Below, the inspirations were sharp and blowing, the expira- 
tions soft and prolonged. Over wide areas there were few 
piping rales. On the left there was bronchovesicular breath- 
ing to the second rib, with increased vesicular breathing be- 
low. The rales were more numerous and more pronounced 
on the left than the right. The voice, both spoken and whis- 
pered, was negative The examination of the back added 
nothing to the picture. 

Auscultation of the heart: All soimds were heard with diffi- 
culty. The first sound at the apex was heard best two 
fingers' breadths inside the mid-clavicular line in the sixth 
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intercostal space. The sounds over the base were best heard 
in the fourth left space and beneath the adjacent sternum. 
The first sound at the apex was soft and somewhat impure ; the 
pulmonic second sound was moderately accentuated. The 
radial pulse was slow, of moderate size, and fuller on the left 
than on the right. There was moderate sclerosis of the radials. 
The blood pressure varied with the side tested. On the left, 
the pressure was, systolic 156 mm. Hg, and the diastolic 109 
mm. On the right the systolic pressure 146, the diastolic 98,. 
with the Erlanger apparatus 12 cm. cuff. 

Abdomen was somewhat distended in the region of the 
navel. The liver was felt with difficulty at the end of inspira- 
tion. The spleen was not palpable in whatever position the 
patient lay. There was no palpable mass in the abdomen. 
The glands were negative. 

Eyes: There was moderate conjunctival injection; the retina 
and head of nerve were edematous; there was marked venous 
engorgement; no hemorrhages (Professor Parker). 

Nose: There was partial occlusion of the left nasal fossa. 

The larynx was negative. 

Blood examination: Erythremia was noted from the first. 
At entry, as seen in Chart 1, the red-cell count was 6,450,000. 
The hemoglobin was 100 per cent. plus. The white cells were 
about 6,600. The blood was very deep red, flowed slowly and was 
extremely viscous. It was spread on a slide with great diffi- 
culty. There was nothing peculiar about the shape or the 
size of the red cells. No nucleated reds were seen. The dif- 
ferential white count was as follows: Small lymphocytes, 
14.8 per cent.; large lymphocytes, 3.8 per cent.; polynuclears, 
67.6 per cent.; eosinophile polynuclears, 3.8 per cent.; mast 
cells, 1.6 per cent., and degenerates, 8.4 per cent. Further 
consideration of the blood appears below. 

Urine: This contained a moderate amount of albumin, with 
many small, finely and coarsely granular casts and numerous 
cylindroids. 

Fluoroscopic examination: A diffuse, non -pulsating shadow 
lay above the heart. It was especially dense about the root 
of the lung and the great vessels. It could be followed up 
into the neck. The heart was downward and inward. The 
diaphragm was low down on both sides, especially on the 
right. 

Radiogram: The fluoroscopic findings were confirmed. The 
mass evidently filled the mediastinum and was almost as 
dense as the heart. No definite lines of pulsation could be 
seen. The tumor appeared to occupy both mediastinal spaces, 
lying in close approximation to the heart, lungs and their 
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adnexa. Here and there points of greater or less opacity might 
be seen in the lungs and pleura. There appeared to be more 
infiltration to the left than the right. 

Subaequait History. — The patient was kept quiet for a few 
days, and in view of the high blood pressure and cyanosis, 
put on purges and nitroglycerin. He improved and was soon 
up and about. His remaining history to date is particularly 
interesting. It may be roughly divided into two periods. The 
first was a stage of moderate cyanosis, with erythremia, 
in which the patient was generally comfortable and able to 
do light work. There were days when the cyanosis was rather 
marked, and w^hen feelings of fulness, with difficult breathing, 
were complained of. This was especially the case when the 
patient worked hard or became excited. There was little noc- 
turnal dj^spnea. The blood pressure was generally lower 
than at entry, either because of the rest or potassium iodid, 
or both. It gradually fell to an average of systolic 96 and 
diastolic 75 mm, Hg. 

The second phase of the history comprised periods of ex- 
treme cyanosis with more or less pronounced erythremia; 
marked dyspnea, bearing usually some relation to exertion or 
excitement, associated with unconsciousness, stupor or 
apathy; disturbances in vision; paroxysmal headaches; 
albuminuria and gastrointestinal symptoms. 

Marked Clinical Manifestations. — 1. Cyanosis. As stated, 
the patient was always cyanotic. There have been, how- 
ever, since he came under observation, seventeen "attacks" 
of extremely pronounced cyanosis, general in character, but 
especially involving the head, neck, upper part of the thorax, 
and the extremities. At these times the color of the face and 
the extremities was a dusky, slaty purple, while over the 
trunk the skin had a bluish cast. On several occasions there 
was slight nose bleed. There was never bleeding from the 
mucous surfaces. Hematuria was not observed. With the 
occurrence of the cyanosis, the patient suffered extreme dysp- 
nea. The respirations were greatly accelerated and the in- 
spirations audible and slightly crowing. The expirations were 
prolonged, and sometimes accompanied by an expiratory 
j^unt. In these attacks the voice was hoarse, or merelv *» 
low-pitched whisper. Sensations of pressure in the substernal 
region, with feeling of suffocation, palpitation with or with- 
out precordial distress were complained of. The dyspnea 
sometimes lasted for but a few minutes, then again persisted 
for half an hour or as long as the greater part of a day. 
The attacks were frequently followed by days of added cya- 
nosis ana prostration. During the attacks the heart rate was 
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accelerated, going as high as 130 when it had previously be«n 
in the neighborhood of 60. There were never evidences of 
actual cardiac incompetency. The peripheral vessels were 
greatly injected, but positive venous pulsations were not ob- 
served. Auscultation of the lungs in the acute attack re- 
vealed an almost entire absence of breath sounds, with few 
high-pitched musical rftles. The eye-grounds generally showed 
extreme engorgement of the retinal vessels with marked edema 
of the fundus. The right eye was sometimes very prom- 
inent, and there was a noticeable increase in intraocular ten- 
sion. The conjunctive were markedly suffused, particularly 
the right one. 

2. Erythremia : Ck>incident with the attacks of added cya- 
nosis and dyspnea, there were generally noted changes in the 
red-cell count and the hemoglobin. The white-cell count was 
sometimes altered, in proportion. These blood changes were 
usually in proportion to the severity of the "attacks," but not 
always so. As will be seen from Chart 1, there were periods 
of intense cyanosis with red-cell count not greater than 
6.500,000. On several occasions there were days of pronounced 
cyanosis, without acute dyspnea, when the red-cell counts 
ranged from 7,000,000 per c. mm. to as high as 9,000,000. Dif- 
ferences in count were noted, varying with the part of the 
body from which the blood was taken. For example, the 
blood taken from the toe in one attack gave red cells 7,780,000 ; 
that from finger, 7,200,000; while that from the ear was 
8,020,000 cells per c.rom. The hemoglobin was not estimated 
at this occasion. On another test, when the cyanosis was not 
very marked, the finger gave 6,260,000 red cells per c.mm. 
with hemoglobin 1.36 per cent. (MSescher) ; that from the toe 
6,860,000, with hemoglobin 156 per cent., while the blood from 
theearwas7,010,000, with hemoglobin 144 per cent. It will be 
seen that the hemoglobin appeared to vary with the vascular dis- 
tance from the heart, rather than with the actual increase in the 
red-cell count. The highest blood counts were recorded dur- 
ing the attacks of most acute dyspnea and cyanosis. There 
were six occasions on which the red-cell count ranged from 
7,260,000 per c. mm. to as high as 9,260,000 per o. mm. On one 
occasion there was a period of ten days when the count was 
above 8,000,000 per c.mm. The white-cell count was not always 
proportionately increased. (Chart 1.) The counts were never 
much higher than 10,000. The hemoglobin estimations could 
not be made with the ordinary Tallquist scale. With the 
Miescher apparatus, and with dilution to twice the usual 
extent, the estimations always ran considerably above 100 per 
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cent. (Chart 1.) The variations were from 105 per cent, to 
156 per cent. The relation of the increases to the erythiemia 
and the attacks of cyanosis and dyspnea is well shown in 
the chart. During the period of prolonged cyanosis already 
mentioned with counts above 8,000,000 per c.mm., the average: 
hemoglobin reading was 132 per cent. (Miescher). 

The differential white-cell counts showed very little varia- 
tion from that already cited. More recently, there was a 
slight increase in the eosinophiles, and small lymphocytes, 
with the appearance of a rather large proportion of myelocytes 
following one of the acute attacks. Nucleated red cells were 
noted. During none of the attacks was the spleen palpated. 
Recently, an estimation of the specific gravity of the blood 
by Hanunerschlag's method was 1.062, when the red-cell count 
was 7,400,000. The coagulation time was difficult to estimate 
with the pipette method, because of the extreme viscosity of 
the blood. By the slide method, coagulation was frequently 
complete at the end of a minute in an ordinarily warm room. 
It was often less than this. Unfortunately, no estimations of 
relations between corpuscles and plasma nor the amount of 
alveolar carbon dioxid are at hand. 

3. Unconsciousness: In one of the attacks unconsciousness 
lasted for several minutes. There was partial consciousness 
with urgent dyspnea for nearly half an hour following, and 
the patient was apathetic for several hours. 

4. Disturbances in vision: These were frequent. At times 
there were merely spots before the eyes with blurring of 
images. On one occasion, there was diplopia. During the most 
severe attack of dyspnea, "everything turned black" before 
unconsciousness supervened. The pupil on the right was gen- 
erally dilated during the dyspneic periods. Strabismus was 
not noted. The eyeballs were both prominent, particularly 
the right. 

5. Albuminuria: This was present at the time that the 
patient came under observation. At first it appeared to be 
aggravated by the attacks. It was not, however, always present 
at or following the attacks. The amount has recently increased 
greatly. There has been as large a quantity as one -third 
volume. Oasts, mainly of the granular variety, have been 
almost constant. Generally, there has been an increase fol- 
lowing the acute dyspnea and erythremia. The attacks do not 
appear to have much effect on the blood pressure. Under rest 
and medication (T ) the pressure has fallen from an average 
above 150 mm. Hg. systolic and 100 mm. Hg. diastolic at 
iBBtry, to average systolic of 108 mm. Hg. and diastolic between 
75 mm. Hg. and and 80 mm. Hg., with the Erlanger apparatus. 
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In one of tlie very severe dyspneic periods, the systolic pres- 
sure was 100 mm. Hg. and the diastolic 60 mm. Hb. At this 
time the heart action was very weak. 

6. Paroxysmal headaches: These usually bore some relations 
to the dyspnea and the added cyanosis. They frequently mani- 
fested themselves for some days previous to the actual attack, 
and often persisted for several days after the patient was 
otherwise comfortable. They were generally accompanied by 
visual disturbances. 

7. Grastrointestinal disturbances: These were of more recent 
onset. Loss of appetite was early noted. There has never been 
dysphagia or vomiting. Test meals have not been deemed 
advisable. Paroxysmal pains beginning in the epigastrium and 
radiating to the lower abdomen were noted about ten months 
ago. The pain was extremely prostrating, and came on at 
one of the most severe attacks of dyspnea. The abdominal 
wall was rigid and the patient was bent double at each sharp 
stabbing pain. The bowels were constipated. Recently, there 
have been attacks of diarrhea. This was pronounced for about 
two weeks on one occasion and was associated with moderately 
high blood count. There was no elevation of temperature, and 
nothing characteristic about the stools. 

Growth of the tumor: The more recent radiograms appear 
to show that the mass is gradually extending and that, in 
keeping with the added physical signs, is involving the greater 
part of both mediastinal spaces. 

Summary. — The case presents many of the findings of the 
condition of chronic cyanosis with erythremia described by 
Vaquez, Osier, Cabot and others. The spleen is not, however, 
enlarged and there appears to be a discoverable cause for many 
of the symptoms noted, namely, the mediastinal growth. This 
is unusual or not yet reported at all in cases of true cyanotic 
polycythemia ( Vaquez-Osler's malady). It. is not quite deter- 
mined that the two conditions do not exist, but in view of the 
rather marked variations in the cyanosis and the led cell 
count, it is probably that much of the erythremia is due to 
extensive pressure in the thorax on the great vessels. The 
changes in spleen and bone marrow may come on later and 
the patient take on more characteristically the classic picture 
of the erythremia vera. 

Case 2. — Patient, — A German, boilermaker by trade, aged 
43, entered the clinic on account of sense of constriction across 
the chest, with occasional choking sensation in the throat; in- 
somnia; constant morning nausea without vomiting; shortness 
of breath with gasping inspirations, weakness, dizziness and 
headftchee. 
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History. — This negative except for chronic alcoholism and 
the use of much tobacco. About a year ago he began to note 
that after eating he had a heavy sensation in the upper epi- 
gastrium and that his head felt full. He was unable to sleep 
at nights on account of a sense of pressure beneath the ster- 
num. He was constantly nauseated in the mornings, but never 
vomited, although he tried hard enough. He began to get 
*Svinded" with little exertion and people noted that his face 
was becoming abnormally red. His voice became rather husky, 
and his breathing was often difficult with "a whooping when 
he drew in his breath.** He became so uncomfortable that he 
had to give up work. His feet were sometimes swollen; he 
had headaches and often noticed spots floating before his eyes. 

Examination. — This revealed a thick-set, florid-faced man 
with anxious expression. The respiration rate was 30, and the 
patient was unable to lie comfortably even when propped up 
by three pillows. Occasionally there was prolonged, crowing 
inspiration. Tliere was frequently a short superficial cough 
wnthout sputum. The skin of the forehead, face, ears, neck 
and upper part of the thorax, back and front, a« well as the 
feet and hands was rosy red, with purple cast. The cyanosis 
was slightly increased in the dependent portions and on 
exertion. There was no peripheral edema. The ej'cs were 
prominent and the conjunctiva slightly injected. The tongue 
was bright red. The supraclavicular fossie were full and 
retracted moderately during inspiration. There was no tracheal 
tug and no enlargement of the cervical glands. The chest was 
of the pronounced "barrel" type. It moved en cuiraase with 
slight lateral expansion. Litten's shadow was not seen on 
either side. Tliere was retraction in the lower axillary inter- 
spaces during inspiration, especially at the time of the crow- 
ing inspirations. In the region of the nipple, the right thorax 
was rather fuller than the left. Tactile fremitus was increased 
below both clavicles. The percussion outlines were as in 
Figure 2. It will be seen that there was distinct atypical 
thoracic dulness in the mediastinal region. Apart from the 
dulness, the percussion revealed nothing beyond rather high 
degree of resonance over the lung. Traube's space was tym- 
panitic. Tlie breath sounds were increased on both sides, 
especially on the left as far down as the fourth rib. The 
voice sounds were increased in the left upper and in the back, 
below the tip of the scapula. The heart was not displaced, 
but appeared enlarged to the left. The sounds at the apex 
were rather short and sharp. There was moderate accentua- 
tion of the pulmonic second sound. The radial pulse was small, 
rather quick, regular. The right radial seemed somewhat 
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fuller than the left. The blood pressure read with 
Erianger, 12 cm. euflf: systolic, 188 mm. Hg; diastolic, 140 
mm. Hg. The abdomen was distended, full in the flanks. 
The liver descended just below the edge of the ribs in the 
nipple line at the end of deep inspiration. There was no 
ascites. The superficial glands were negative. 

Otolaryngological examination: Both cords abducted to the 
cadaveric position and were slightly retracted. They showed 
moderate injection. On phonation, the right cord was nega- 
tive; the left showed imperfect approximation to the vocal 
process posteriorly (Dr. M. L. Cushraan). 




Fig. 2. — A, atypical thoracic dulness ; B, cardiac duiness ; 
spleen ; D, liver. 



C, 



Eyes: The retina was marlvcdly edematous. The perivas- 
cular lymph sheaths of all the veins were prominent; there 
was disseminated chorioiditis in and about the macular region. 
Vision 0. D. 15/30; O. S. 15/200. (Dr. G. Slocum.) 

Reflexes: These were negative; there was marked tenderness 
along the posterior tibial nerve. 

Blood: The red-cell count was 4,750,000; the white-cell 
count, 5,200; the hemoglobin, 100 per cent. (Tallquist). 

Urine: This was negative. 

Stomach: There was mucous gastritis with diminished 
acidity, but good motility. 

Fluoroscope: The heart appeared hypertrophied. Occupy- 
ing the mediastinum was a mass of about the same degree of 
opacity as the heart. It was continuous with the heart outline, 
and extended upward to the neck. In its upper part, it 
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oxtended more to the left than to the right. low down it 
filled in the cardiohepatic angle. 

Radiogram: This confirmed the fluoroscopic findings. The 
mass was esjiecially thick about the great vessels and the root 
of the lung. There were no evidences of pulsation. 

Subsequent History. — The patient was put on purges and 
potassium iodid. He has shown improvement in blood pres- 
sure, which has dropped as low as IGO systolic, and in his sub- 
jective symptoms. The crowing breathing, the nocturnal 
dyspnea, and the morning nausea have become less marked. 
He is still cyanotic and complains of the sensation of tightness 
in his chest. It is agju^ravatcd by excitement or hard work. 
The tumor appears to be enlarging into the posterior media- 
stinum and to the left. A distinct area of dulness may be 
percussed in the left back along the spine from the level of 
the inner end of the scapular spine to the eighth dorsal ver- 
tebra. In this region there is marked increase in the vocal 
resonance and suggestion of tubular breathing. The crowing 
inspiration is still marked, but not so evident as when the 
case first came under observation. There is no dysphagia, and 
no obstruction or pain when the stomach tube is passed. The 
patient says that he has coughed up or vomited up some 
"stuff" streaked with blood', but we have never been able to 
get any of it for examination in the clinic. 

Case 3. — Patient, — A woman, aged 64, likewise showed 
chronic cyanosis as a pronounced clinical manifestation. At 
first, there was some polycythemia, the red-cell count reaching 
6,040,000, but this was transitory. 

History. — The patient had had a carcinoma of the left 
breast removed three years before entering the hospital. She 
came to us on account of pain in the left side of the chest, 
swelling of the neck, with "rushing of blood" to the head; 
weakness, nervousness and edema of the extremities. She 
presented a negative family and personal history with the 
exception of a peculiar, eczematous skin affection in early adult 
life. The breast tumor was noted fifteen years ago. 8he had 
it removed by a popular "cancer-plaster cure." It recurred 
with increased rapidity of growth, and three years since she 
had a radical operation on the breast and the left cervica! 
glands. Shortly after the operation, the patient noted burn- 
ing sensations in the wrists and the hands. Six months ago, 
she observed that the veins of the upper part of her chest 
and her left arm were growing more prominent; there were 
also soreness and a sensation of fulness in the upper part of 
the thorax in the median line. The head began to feel full 
and the neck to enlarge. She thought that it was now two 
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inches larger than it had been six months ago. The left arm 
began to swell slightly. She had lost twelve pounds in weight 
in two years. 

Examination. — The patient was a rather heavy-set woman, 
nervously inclined. She was very restless and loquacious. 
Her face and neck were scarlet, with a bluish tinge over the 
ears and the lips. Over the upper thorax and the left arm 
the superficial veins were prominent and enlarged. The super- 
ficial venules were dilated so that the entire region has a dis- 
tinctly bluish casL Both forearms were puffy-looking, espe- 
cially the left, where there was slight pitting on pressure. 
The left forearm was also cyanotic, especially when dependent. 
The glands in the left axilla and the lower cervical group on 




Fig. 3. — A, atypical thoracic dulness; 
spleen ; D, liver. 



B, cardiac dulness; C, 



Ijoth sides, particularly on the left, were enlarged. The eyes 
were moist, the lids swollen, the palpebral apperture small. 
The pupils were negative. The voice was rather hoarse. There 
was no tracheal tug. 

Thorax: This was short and broad. The bony prominences 
were hidden by fat. There was no Litten's shadow on the 
right; it was fairly well seen on the left. There was slight 
increase in tactile fremitus below the right clavicle. The left 
infraclavicular space filled better than did the right. The per- 
cussion (Fig. 3.) revealed an easily made-out mass occupying 
the upper sternal region, and extending rather more to the 
right than the left. The remainder of the thorax was nega- 
tive to percussion. On auscultation the breathing was dimin- 
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ished on the left to the second rib and increased over a cor- 
responding area to the right. Below it became quiet on both 
sides. Over both infraclavicular spaces the spoken voice had a 
distinctly nasal twang, which was more marked on the right. 

Heart: This was negative, except weakness and the rather 
startling increase in the pulmonic second sound, without 
diastolic shock. The radial pulse was moderately full on both 
sides, the systolic pressure being 130 mm. Hg. (Erlanger, 12 
cm. cuff.) There was no capillary pulsation. 

Abdomen: The liver and the spleen were barely felt. The 
inguinal glands were negative. A mass or indefinite shape 
was made out in the lower left iliac region (secondary?). 

Fluoroscope: A mass of rather globular shape filled the 
superior and anterior mediastinal regions. It could not be 
said to pulsate. 

Radiogram: This confirmed the fluoroscopic findings. The 
mass was distinctly more to the right than the left. It was 
in close connection with the great vessels and the root of the 
lung. The heart appeared somewhat enlarged. 

Subsequent History. — On account of the heart weakness, the 
patient was put on digfitalis. She became rather more com- 
fortable, but her subjective and objective symptoms and signs 
did not improve. She was at length lost sight of, but recently 
word reached us of her death. The autopsy was not secured. 

Case 4. — This presented evidences of primary, malignant 
mediastinal tumor, in contrast to the secondary malignant 
tumor of Case 3. The disease appeared to run a rapid course, 
as the death of the patient has already been reported. 

Patient. — He was brought to the hospital for "heart trouble.'* 
The man had been ill for about a year. Tlie disturbance fol- 
lowed a severe attack of diarrhea, from which he never 
appeared to recover. His main complaints were loss of weight 
and strength, hacking cough with abundant frothy or watery 
sputum, shortness of breath and palpitation. 

Examination. — The patient was tall, spare, emaciated, There 
was a trace of cyanosis over his lips and his finger tips. The 
face was dusky pale, with enlarged venules over the cheeks 
and the nose. There was an old conjunctivitis with eversion 
of the lower lid. The thorax was long and deep. The lower 
interspaces retracted on the left in the sixth and seventh axil- 
lary spaces, and slightly in the sixth on the right. The heart 
impulse was diffusely seen below the left ninnle. There was 
poor thoracic movement on the ri^ht side, generally fuller 
than the left. The vocal fremitus was absent on the right 
below the third rib. Tlie percussion is indicated in Figure 4. 
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There was abnormal substernal dulness extending upward 
below both clavicles more on the right than the left. The 
heart was displaced or enlarged to the left. Absolute dulness 
began at the third space on the right and was movable. There 
was moderate Grocco's sign in the left back. Auscultation 
revealed quiet breathing on the right below the clavicle, and 
absent breathing below the third space. There was rather 
marked nasal bronchophony, without egophony. On the left 
both breath and voice sounds were exaggerated. The heart 
sounds were weak and impure. 

Fluoroscope: After tapping, the heart was to the left. On 
the right there was diffuse opacity low down. The left dia- 
phragm moved freely. There was no movement on the right. 




Fig. 4. — A, atypical thoracic dulness; B, cardiac dalness; C, 
liver; D, upper limit off pleuritic effusion. 

Blood examination: Red blood cells 5,080,000; white cells, 
7,550; hemoglobin, 85 per cent. (Tallquist). The blood pres- 
sure at time of entering was, systolic, 210; diastolic, 160 mm. 
Hg. The radials were very sclerotic. 

The urine was negative. 

The patient was tapped in the right pleural sac and 1500 c.c. 
fiuid removed. The fluid contained numerous large, atypically 
built alveolar cells, with several nuclei and division figures, 
rendering a diagnosis of carcinoma highly probable. 

Subsequent History, — The patient grew gradually worse. The 
fluid accumulated rapidly. He was again tapped and again 
the fluid returned. His cardiac weakness and his cough 
returned with increasing vigor after the tappings, and he 
barely reached his home before he died. 
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SUMMARY. 

Diagnosis. — It will be seen that the four cases de- 
tailed present a varied range of symptomatology. There 
were certain constant features. In each of the cases 
there was more or less marked cyanosis, dyspnea and 
cough. The physical examination, carefully made, with 
the patients stripped, revealed in each instance atypical, 
thoracic dulness. In Case 1 the heart was displaced by 
the growth ; in Case 4 the cardiac displacement was due 
largely to the accumulation of fluid in the right pleural 
sac. In all the cases mediastinal infiltration was clearly 
shown by both fluoroscope and radiogram. In Case 4 
the opacity was masked by the effusion, but became 
evident after tapping. The pressure signs are excep- 
tionally interesting. In the first three cases cited the 
cyanosis and flushing were marked. Frequently there 
were in all cases paroxysmal exacerbations, brought on 
usually by exertion or psychic disturbances. In Case 1 
these paroxysmal manifestations were striking. Dis- 
tention of the veins of the neck and the arms was evi- 
dent in Cases 1 and 3, especially in the latter. In Case 
3 the distention of the veins was largely in the left arm 
and was associated with almost constant edema. There 
was also at times a brawny desquamation of the skin of 
the left arm and chest. In the first three cases there 
was more or less constant involvement of the vocal 
cords. In Case 1 this resulted occasionally in aphonia. 
In Case 2 permanent, partial paralysis of the left cord 
was noted. In all the cases there was pressure, more 
or less constant, on the pneumogastric, with tachycardia, 
precordial distress or abdominal pain as a consequence. 
Pressure on the bronchi was especially evident in Cases 
1 and 2. The variation in the degree of pressure should 
be noted. In all the cases except that last described 
the evidences of constant, long-continued pressure were 
to be seen in the eye-grounds. This was particularly so 
in Cases 1 and 2. In these patients the eyes were also 
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prominent, but not equally so. The right eyeball pro- 
truded rather noticeably in Case 1. The evidences of 
stagnation in the veins of the fundus was generally pro- 
portionate to the prominence of the eyes. In but one 
of the patients (Case 1) was peripheral edema at all 
constant. In all of the cases it was small in amount. 
Case 1 showed an increasing amount as the albumin in 
his urine increased. The subjective evidences of intra- 
thoracic pressure are interesting and important. Sensa- 
tions of "smothering/' "fulness beneath the breast bone" 
and a "weight in the chest" were complained of. The 
cerebral congestion was associated with feelings of ful- 
ness in the head (frequently mistaken for fever by the 
patient), headaches, dizziness and disturbances in vis- 
ion. Cough was present in all the cases. There was a 
suggestion of 'T^rassiness" in Case 2, in which patient 
laryngoscopic examination revealed partial paralysis of 
the vocal cords. Tracheal tug was not observed in any 
case. iNTo evidence of pulsation could be made out in 
the tumor area in any of the four patients. With the 
exception of myocardial weakness (Cases 3 and 4) the 
hearts were negative, so far as could be determined. 
Diastolic shock was not to be made out in any instance. 

Without postmortem material the nature of the 
tumor masses in these cases can only be surmised. There 
is abundant proof that in Cases 3 and 4 the growths 
were carcinomatous. In Case 1 the process seems to be 
either a slowly growing sarcoma or a luetic involvement 
of the mediastinal tissues. TSo evidences of syphilis are 
discoverable, however. Case 2 is perhaps more clearly 
luetic than Case 1. There is no distinct history of 
syphilis, but the patient has reacted fairly well to spe- 
cific medication. 

A few words might be said as to the probable position 
of the growths. In Case 1 the symptomatology and the 
radiograms point to a rather general involvement of the 
entire mediastinum. The second case presents more evi- 
dences of involvement of the middle space of the in- 
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ferior mediastiniiin than of a general involvement. In 
Case 3 the anterior and superior spaces were doubtless 
tlie seats of the greater degree of infiltration. In the 
last case the inferior space appeared to be the seat of 
the larger portion of the growth, with secondary in- 
volvement of tlie right pleura. The so-called '^cancer 
celk'' in the pleuritic effusion were a valuable diagnostic 
aid as to the primary cause of the fluid. 

Treatment. — AVhen the nature of the growth is evi- 
dently malignant, as in Cases 3 and 4, only palliative 
measures are indicated. These are governed by tlie 
symptoms. Care should be exercised in the tappings, 
when effusion exists. Too rapid evacuation of fluid, or 
the withdrawal of too much of it, may be followed by 
severe and exhausting cough, albuminous expectoration 
and collapse. Small, localized tumor masses may in 
picked cases be treated with x-rays with benefit. None 
of our patients appeared to improve under the expos- 
ures. The treatment should be given only by skilled 
operators, inasmuch as the long-continued exposures, 
which are evidently necessary, may give rise to severe 
l)urns and serious blood and kidney alterations. In our 
series Patients 1 and 2 appeared to improve somewhat 
under anti-syphilitic medication. If there is even a 
possibility of lues iodids may be tried in full doses. The 
high blood pressures are relieved by bleeding or, where 
this is impossible, by nitroglycerin or the nitrites. Daily 
purging is also of service, although this should be done 
with care, as frequently patients become exhausted from 
the free evacuations. The periods of extreme dyspnea 
(as in Case 1) are relieved by morphin and atropin 
hypodermically and the administration of oxygen. In 
a few instances it seemed tliat the oxygen exerted a 
favorable effect on the erythremia. Wlien the dyspnea 
is continued through several day.^, absolute rest, with 
tincture of belladonna intcraally, make tlie patient more 
comfortable. 
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Operative interference might be advised in cases in 
which the tumor mass is well localized, in which proper 
arrangements can be made for maintaining intra- 
thoracic pressure and where an operator of the high- 
est skill is at hand. Doubtless, with the improvement 
in diagnostic methods and more extended operative 
procedures on the thorax, surgical measures will become 
more general. The situation of the mediastinal tissues 
will, however, place certain barriers in the way of pro- 
miscuous attempts at enucleation or disr^ection of medi- 
astinal neoplasmata. 

In conclusion I wish to express my thanks to Drs. 
M. L. Cushman, George Slocum and Sobei Ide for aid 
in collecting data herewith presented, and to Dr. B. D. 
Niles of Grand Ledge, Mich., and Dr. G. A. Seaboldt 
of Jackson, Mich., for permission to examine two of 
the cases. 

DISCUSSION. 

Db. Thomas D. Coleman, Augusta, Ca.: I have been im- 
pressed with the /act that the disease in question is very rare 
among negroes. These people are subjects of syphilis, tuber- 
culosis and adventitious growths in general; but I have never 
seen a case of mediastinal tumor occurring in a full-blooded 
negro. I have seen two cases in mulattos. The other cases 
that I have seen occurred in whites and all the patients 
were males, aged somewhere between 30 and GO. One was a 
distinct case of carcinoma. The patient had had the pectoral 
muscles removed and finally succumbed to the disease, and 
the autopsy confirmed the diagnosis, cancer of the medias- 
tinum. The chief point of interest in my cases, outside of the 
pressure and other symptoms, is that but one of my pa- 
tients died. I had one case, the diagnosis of which was not 
verified, in which there was a distinct paralysis of the left 
vocal cord, which was supposed to be due to a gumma. The 
patient was placed on specific treatment with the result that 
recovery followed. The diagnosis in this case was fairly well 
established but could not be confirmed by the iP-ray, as its use 
had not been discovered at that time, about eighteen years ago. 

Dr. Alexander Lambert, New York: Some years ago I 
had a case that puzzled me very much. The lesion turned 
out to be a sarcoma which grew at the junction of the vena 
azygos major and the superior vena cava. The pressure symp- 
toms were peculiar. When the patient was lying down he 
became blue from the clavicle up, the color of the rest of the 
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body remaining normal; but when the patient sat up his face 
was white and he became blue from the clavicle to the hips. 
Whether lying down or sitting up the legs remained normal 
all tlie time. This tumor acted no doubt as a sort of ball 
valve. The diagnosis was made by working out the circulation 
of the chest wall. A primary sarcoma of the right ventricle 
of the heart was the original lesion. I have seen a number 
of mediastinal tumors at Bellevue Hospital, and what struck 
me as most interesting was that the symptoms came on 
paroxysmally, with a cough sometimes like that of whooping 
cough and without any apparent reason or cause of excitation. 
The pain and dyspnea came on paroxysmally. One symptom 
on which some stress was laid by the old English writers is 
the occlusion of the right innominate vein, which is path- 
ognomonic of mediastinal tumors. This does not occur in 
aneurism. 

Dr. Robert H. Babcock, Chicago: Tt was my fortune last 
summer to sec a case of mediastinal tumor, the antemortem 
diagnosis of which was substantiated post mortem. The pa- 
tient had been treated for pulmonary tuberculosis. This illus- 
trates the fact that a physician may mistake for pulmonary 
tuberculosis a disease which produces a definite tumefaction 
of the front of the chest. Tt had been suggested to me, even be- 
fore T saw the patient, that consumption might be present; 
but when I laid my hands on the front of the chest it was 
clear to me that this was not a case of pulmonary tuberculo- 
sis. Instead of a depression of the chest, a characteristic of 
the phthisical habitus, the upper portion of the chest was 
. distinctly bulging, showing a condition of intrathoracic pres- 
sure. 

Another interesting phase of the case was that the patient 
had been given mercury for syphilis for a long time. Certain 
sores in the mouth were thought to be mucous patches. The 
antisyphilitic treatment was pushed to the limit, but without 
benefit to the patient. A careful investigation of the history of 
this case revealed the fact that these sores were due to the 
mercury. This case was very instructive to me, because it 
showed conclusively the necessity of the physician entering 
carefully into the history of the case, and also the necessity 
of a clear discrimination between the symptoms of the various 
intrathoracic diseases, since if a diagnosis of intrathoracic 
disease is to be made, one should bear in mind the fact that 
it can not always be made by the physical signs alone. 

Dr. John Francis Herbick, Ottumwa, Iowa: The diagnosis 
in these cases is very important. I have seen a case of aneu- 
rism of the posterior wall of the aorta in which the entire 
cavity of the aneurism was filled with a solid mass of fibrin 
before the patient was first seen. There was only a small 
opening through which the blood got to the aorta and left 
subclavian. The case appeared much like a tumor of the 
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mediastinum, with pressure on the aorta. There was an 
absence of bruit. No information could be obtained from 
the history of the case. The diagnosis of a solid tumor was 
made, but an old aneurism, with its cavity filled with a solid 
mass of fibrin, was found at the postmortem. 

Dr. Frank Smithies, Ann Arbor, Mich.: I am not quite 
certain whether my first case did not present quite as many 
symptoms of the Vaquez-Osler malady as it did of intra- 
thoracic pressure. It becomes very interesting to consider 
the possibility of the blood changes being secondary to the 
long-continued intrathoracic pressure, with consequent hyper- 
plasia of the bone marrow. Dr. Lambert's remarks about 
the paroxysmal character of the symptoms of mediastinal 
growths are interesting. With regard to the first case 
reported, the pupils were equal and active imder ordinary 
conditions. During the paroxysmal attacks of dsypnea the 
right pupil became distinctly dilated, showing a certain in- 
volvement of the sympathetic. It seems to me likely that 
mediastinal tumors might really be differentiated ante mor- 
tem by means of radiograms. 
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The recent advances in our knowledge of the cardiac 
irregularities have enabled us to define their character 
and trace their inter-relationship with far more exact- 
ness than was ever possible before. The absolutely irreg- 
ular heart/ in which all semblance to regularity has 
ceased to exist, is clinically the most important of the 
cardiac arrhythmias. It is less common, indeed, than 
are respiratory irregularities or extrasystoles ; but it 
represents a far more serious condition, and James 
Mackenzie estimates that over 50 per cent, of all serious 
insufficiencies are associated with this irregularity. It 
is very important, therefore, that we should become ac- 
quainted with its characteristics, its clinical significance, 
and its relationships. 

The distinguishing characteristics of the absolutely 
irregular heart will be discussed under three headings : 
(1) Absence of normal auricular contractions; (2) the 
irregularity itself, and (3) its permanency. 

ABSENCE OF NORMAL AURICULAR CONTRACTIONS. 

This is by far the most important characteristic of 
the absolutely irregular heart and one that denotes a 
fundamental change in the heart's activities. Our clin- 
ical evidences of auricular contractions, according to 

1. This irre^larity has been variously designated as the ven- 
tricular rhythm, nodal rhythm, rhythm of auricular paralysis, 
rhythm of the first Stannlus ligature, perpetually irregular rhythm, 
etc. 
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Mackenzie,^ consist of (a) an auricular wave in the apex 
tracing just preceding the ventricular wave, (b) an 
auricular wave on the jugular and liver pulsations, and 

(c) the presystolic accentuation of the murmur of 
mitral or tricuspid stenosis. To these might be added 

(d) the presence of an auricular wave on the cardio- 
gram obtained from within the esophagus,' and (e) the 
auricular wave on the electrocardiogram.* By none of 
these methods of examination has it been possible to 
demonstrate that the auricles contract before the ven- 
tricles in absolutely irregular hearts. Mackenzie was 
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Fig. 1. — Normal y^oua palse, shcrwins the a wave preceding the 
c wave. 

the first to insist on this fundamental fact. It is prob- 
ably to be interpreted as a total auricular paralysis or 
at least as an auricular asthenia of such a grade that the 
contractions of this chamber are no longer demon- 
strable.' 

The Venous Pulse in Absolute Irregularity. — In the 
normal tracing taken over the jugular vein the so-called 
J wave, which corresponds in time with the carotid 

2. Macicenzle, J. : Abnormal Inception of the Cardiac Rhythm, 
guar. Jour, of Med.. 1, ao. 

3. Young and Hewlett: The Normal Pulsations within the 
Esophagus, Jour, of Med. Research, zyt, 427. 

4. Kraus and Nicolai : Ueber das ElelLtrocardiogramm unter 
normalen und pathologischen VerhUltnissen, Berl. klin. Wchnschr., 
1907. 811. 

5. Hewlett : The Interpretaticfn of the Positive Venous Pulse, 
Jour, of Med. Research, zyil, 110. 
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pulse, is preceded by an a wave due to the contraction 
of the auricle (Fig. 1). In similar tracings taken from 
patients with absolute irregularity the a wave is absent 
and the tracing rises abruptly without any preceding 
auricular wave (Fig. 2). It ia now generally conceded 
that the first wave on such abnormal tracings, though 
corresponding in time with the carotid pulse, is not due 
to a transmitted arterial pulse, but is sent back into the 
vein from the heart. 
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Fig. 2. — ^Venous and liver pulses of absolute Irregularity, showing 
the absence of auricular waves. 

I believe that this p wave* is due to the beginning of 
ventricular contraction. It can be demonstrated in trac- 
ings taken directly over the normally acting auricle, 
either internally from the esophagus* or externally when 
the bony chest wall is deficient.^ In normal jugular 
tracings this wave is greatly diminished or absent be- 
cause it is taken up by the diastole of the auricle ; but 
when the auricular systole is absent, it is transmitted 

6. Mackenzie's a' wave. A similar wave on the normal venous 
pulse has been called the « wave by Bard, the k wave by H. E. 
Bering, and the h wave by Plersol. 

7. Erlanger: Cardiograms Obtained from a Case of Operative 
Defect in the Chest Wall, Johns Hopkins Hosp. Bull., zvl, 394. 
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back through the filled auricle and becomes a marked 
feature of the venous pulse. 

Mackenzie believes that this wave is due to a contrac- 
tion of the auricle simultaneous with that of the ven- 
tricle. It seems to me, however, that such an interpre- 
tation is unnecessary. When the auricle is known to 
contract simultaneously with the ventricle, as is the case 
in ceriiain extrasystoles, the succeeding t? wave is taken 
up by the dilating auricle and is diminished in size.*' 
Such is not the case in absolute irregularity; but, on 
the contrary, the v wave is neariy always of unusual 
height. For this reason, especially, I believe that we are 
dealing here with a condition in which the auricle is 
motionless, or at least so neariy so that it does not afifect 
the venous pulse. 




F\g. 3. — Normal type of venous pulse observed between the 
paroxysms of irregularity. Th« shading Indicates the intensity of 
the mitral stenosis murmur. Figure reduced one-half. 

A fourth venous wave, which occurs normally in late 
diastole, has been described by Hirschfelder, Gibson and 
others. A similar wave is occasionally very pronounced 
in cases of absolute irregularity. In some instances it 
seems to precede the next ventricular systole, and it 
might there be mistaken for an auricular wave. But, 
as a rule, it bears a constant time relation to the preced- 
ing ventricular systole so that it may be said to follow 
that rather than precede the next contraction. 

Mitral Stenosis Murmurs in Absolute Irregularity. — 
Mackenzie has called attention to the remarkable change 
that takes place in the murmur of mitral stenosis when 
the heart assumes an absolutely irregular rhythm. The 
characteristic presystolic accentuation heard ordinarily 
is caused by the contraction of the auricle which in- 
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creases the rate of blood flow through the constricted 
mitral orifice just previous to ventricular systole. When 
such a patient develops an absolutely irregular rhythm 
the mitral stenosis murmur may disappear entirely. If 
it persists it loses its presystolic accentuation. For the 
past two years I have paid particular attention to mitral 
stenosis murmurs in patients with absolute irregularity, 
and I have never heard a presystolic accentuation under 
these circumstances. The change from the normal was 
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Pig. 4. — Radial tracing during the paroxysm of Irregularity. 
Figure reduced one-half. 

particularly striking in the case of a patient who suf- 
fered from mitral stenosis with short paroxysms of 
irregularity. Ordinarily her heart was perfectly regular, 
and at such times her venous pulse was of the normal 
type (Fig. 3) and the murmur typically presystolic. 
From time to time, however, she suffered from short 




Fig. 5. — Venous pulse during the paroxysms of irregularity, 
showing an absence of the auricular wayes. The shading indicates 
the Intensity of the mitral stenosis murmur. Figure reduced one- 
half. 

paroxysms of complete irregularity (Fig 4), during 
which her murmur lost its presystolic accentuation and 
her venous pulse became of the type ordinarily met with 
in absolute permanent irregularity (Fig. 5). 

The absence of the presystolic accentuation of the 
murmur of mitral stenosis during absolute irregularity 
is a matter of decided diagnostic importance. Physi- 
cians should recognize the fact that a typical murmur 
at such a time is not to be expected. I could cite several 
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case histories in which a mistake might have been 
avoided had this fact been kept in mind. In such pa- 
tients the murmur, if present, is often heard throughout 
diastole. Frequently it has an early diastolic accentua- 
tion owing to the more rapid flow of blood through the 
narrowed orifice during the earlier and more rapid part 
of ventricular dilatation. 

CHARACTER OF THE IRREGULARITY. 

In typical cases of absolute irregularity the heart ac- 
tion is totally devoid of any semblance to regularity, a 
so-called delirium cordis. Xo two waves are of the same 
duration; rapid beats are followed by longer ones, and 
these in turn by a bewildering succession of pulse waves 
of varying duration and intensity. On auscultation over 
the heart the rhythm is often even more confused, for 
many of the shorter systoles produce no palpable radial 
pulses nor even second aortic sounds. Frequently we 
remark on the discrepancy between the number of heart 
beats and of pulse beats. The term delirium cordis ex- 
presses the extreme lack of rhythm. In other patients, 
however, the heart is comparatively slow, especially after 
compensation has been somewhat restored. I have seen 
it fifty-five per minute. The pulse is then fairly regular 
and every heart beat reaches the wrist. It may even, as 
in one of my cases, be perfectly regular for a time, 
though showing an absence of the a wave on the jugular 
pulse. Under these circumstances, however, the regu- 
larity is only transient and any light strain leads to a 
more or less definite delirium. 

PERMANENCY. 

The absolutely irregular rhythm is one of the most 
persistent arrhythmias. When once well established, it 
usually continues uninterruptedly until the death of the 
patient. As we have seen, the irregularity varies in 
degree from time to time and may be diminished by 
proper treatment. It may even merge into regularity 
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for a while, but (jualitatively it remains the same. The 
evidences of auricular contraction rarely return and 
slight strain is followed by a more or less marked delir- 
ium. The main exceptions to this characteristic per- 
manency are the rather uncommon cases of paroxysmal 
irregularity, which will be discussed later. 

ANALYSIS OP CASES. 

Etiology, — This analysis is based on the histories of 
thirty patients who gave the typical tracings of absolute 
irregularity with absence of auricular contractions. The 
notes of these cases were often incomplete because many 
were seen only on account of the arrhythmia. Of twen- 
ty-four in whom the age was given, only five were under 
40, fourteen were between 14 and 60, and five were over 
60. The heart lesion most frequently encountered was 
mitral insufficiency. This occurred alone in tcai cases, 
and associated with mitral stenosis in five more. Mitral 
stenosis alone was present in two cases, aortic lesions in 
three, and adliesive pericarditis in one. The remaining 
eleven cases showed no definite signs of valvular disease, 
and largely on account of the symptoms and character of 
the pulse they were designated as myocardial disease. 

Among the etiologic factors in the past histories 
rheumatism stands pre-eminent, being present in twelve 
patients. The next most frequent factor, apparently, 
was the abuse of alcohol, being very marked in ten pa- 
tients out of the thirty. Hyperthyroidism was the only 
demonstrable cause in two patients, chronic nephritis in 
one, while arteriosclerosis was noted in a number of 
others. It will be seen from these figures that absolute 
irregularity is most frequently associated with mitral 
valve disease, especially mitral insufficiency. It appears, 
however, to be relatively uncommon among younger pa- 
tients, being more frequent in those over 40. Diseases 
that are known to cause changes in the heart muscle 
would also seem to be important causes of this irregu- 
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larity, especially the abuse of alcohol, marked arterio- 
sclerosis and hyperthyroidism. 

Symptoms. — The symptoms of these patients repre- 
sent all grades of heart failure. In the more severe 
types, dyspnea, edema and effusions into the serous cavi- 
ties were common. About a third died or were perma- 
nently and totally incapacitated for any effort. In the 
less severe types the symptoms were less marked. In- 
deed in two patients no symptoms whatever were com- 
plained of. One of these worked as a gardener without 
any apparent inconvenience except on extreme exertion. 
The other was a prospector who boasted of his ability to 
endure hardships and long excursions into the moun- 
tains. It is apparent, therefore, that a moderate degree 
of irregularity associated with auricular paralysis is not 
enough in itself to cause severe symptoms. This seems 
to be especially true when the irregularity is unasso- 
ciated with valvular disease. 

On the other hand, it undoubtedly adds to the gravity 
of the situation. The circulation can not be so good 
when the heart is contracting irregularly. The effect 
of the .auricular paralysis independently of the irregu- 
larity is difficult to estimate, but Henderson's studies® 
would seem to indicate that the auricles play a less im- 
portant part in the normal filling of the ventricles than 
is generally supposed. The effect of the irregularity is 
well illustrated in the case of paroxysmal arrhythmia 
already referred to, for the paroxysms caused this pa- 
tient to suffer from precordial distress and decidedly in- 
creased dyspnea on exertion. 

Relation to Tricuspid Insufficiency. — The relation of 
absolute irregularity to tricuspid regurgitation is of 
great importance, but it can not be defined with exact- 
ness at the present time. That many of these patients 
do suffer from tricuspid insufficiency is evidenced by 
the typical murmur, the positive plateau on the venous 
pulse, and the positive pulsations of the liver. In not a 

8. Amer. Jour. Pliysiol., ztI. 325. 
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small number, however, especially after compensation is 
moderately restored, the liver ceases to pulsate and no 
murmurs whatever can be heard over the heart. In such 
cases the only possible evidence of tricuspid insuflficiency 
is the positive venous pulse. Since the time of RiegelV 
paper in 1881 this has been regarded by many as a path- 
ognomonic sign of tricuspid insufficiency; but, in my 
opinion, we are not justified in diagnosing tricuspid 
insufficiency in such cases, for the abnormal venous pulse 
may be explained solely on the assumption of an auric- 
ular paralysis.* 

Enlargement and tenderness of the liver was noted in 
a large proportion of my patients. In many the liver 
could be felt at the level of the umbilicus and pulsated 
vigorously during the stages of broken compensation. 
As compensation returned the tenderness and pulsation 
often diminished or disappeared and at the same time 
the liver became smaller. Most, if not all, of these cases 
were associated presumably with tricuspid regurgitation. 

RELATION TO PAROXYSMAL IRREGULARITY. 

Delirium cordis may occur in paroxysms which last 
but a few hours or days. The subject has been reviewed 
recently by Cushny and Edmunds^® and by Hornung." 
The following case presents a good example of this form 
of irregularity : 

History. — ^Mrs. B., aged 55, was referred to me on account 
of an influenza and a right-sided hemianopsia. Her family 
history was negative. She had suffered from four attacks of 
facial paralysis at different times in the past thirty years, 
the first being on the right side and the remainder on tlie left. 
The last occurred in 1906 and was very mild. She never had 
acute articular rheumatism. In June, 1906, she was treated 
for heart disease, which became so bad a month later that 
she was unable to sleep in a recumbent position on account 

0. Ueber den normalen und patholoffiscben Venenpuls, Deut 
Arch. f. kiln. Med., xxxl, 1. 

10. Paroxysmal Irregularity of the Heart and Auricular Fib- 
rillation, Amer. Jour, orf the Med. Sci.. cxxxill, 56. 

11. Ueber atypische tachykardische Paroxystnen, Dcfut. Arch. f. 
kiln. Mofl.. xd. 469. 
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of dyspnea. Since then she had had several moderate breaks 
in compensation with dyspnea, cardiac distress and at times 
slight edema. In the intervals her compensation had been 
fairly good. In June, 1907, she was suddenly seized with 
weakness in the legs. Immediately after the seizure she no- 
ticed that the right leg was insensitive to touch, to pinches, 
and to the heat of a hot-water bottle. The weakness disap- 
peared from the left leg almost immediately, but the right 
remained weak for several days. The disturbances of sen- 
sation also gradually passed off, and at the end of ten days 
she had completely recovered. Her rectal and bladder func- 
tions were not affected. On Dec. 1, 1907, while riding on a 
street car, she sustained an emotional shock, and her ideas 
became so confused that she was unable to find her way 
home without slight assistance. At dinner she noticed for 
the first time that she was unable to see objects to her right. 
She also had some headache for the next forty -eight hours, 
but no nausea or vomiting. I was called to see her Feb. 3, 
1908. An epidemic of influenza had been passing through 
the household and she was suffering from the usual symp- 
toms of this infection. In addition, she presented the typical 
signs of a mitral stenosis. She was also found to have a 
right-sided hemianopsia, more marked in the upper quadrant. 
Subsequent examinations showed a gradual improvement in 
the fields of vision imtil when seen the area of total blind- 
ness was limited to a small spot in the upper right quad- 
rants of both eyes. Her hemianopsia was probably due to 
an embolus in the right occipital lobe. Probably also the 
transient paraplegia was due to a slight embolic process in 
the lower cord. 

Examination. — On my first examination the pulse was 80 per 
minute and perfectly regular. The mitral stenosis murmur 
was of a marked presystolic type, with little if any rumble 
in early diastole (Fig. "3). Three days later, after her tem- 
perature had fallen to normal, she complained of precordial 
distress and felt unusually weak. The heart action was found 
to be absolutely irregular and about 120 per minute (Fig. 4). 
The mitral murmur had completely changed its character. 
Its presystolic accentuation had disappeared, and it was now 
loudest just after the second sound and in the longer dias- 
tolic intervals it practically disappeared before the occurrence 
of the first sound (Fig. 5). The following morning the heart 
action was again absolutely regular and 85 per minute, and 
the murmur had returned to its customary presystolic type. 
The early diastolic portion of the murmur was almost inaudi- 
ble. The precordial distress and general weakness had passed 
away. 
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Subsequent History, — Since that time the patient has had 
about seven of these paroxysms of cardiac irregularity, and 
I have been able to observe her in three of these. These 
seemed to begin abruptly and were induced more especially 
by emotional disturbances, e. g., by seeing a dog nearly run 
down by a street car. Other attacks seemed to follow phys- 
ical exertion. The attacks usually lasted during the day and 
passed off during the following night, the termination often 
being associated with sweating. During the paroxysms the 
patient felt weak, short of breath on exertion, and suffered 
considerable distress from cardiac palpitation. Examination 
of the heart during the paroxysms showed a slight enlarge- 
ment of the cardiac dulness, and an absence of the presystolic 
accentuation of the mitral stenosis murmur. Between at- 
tacks her venous pulse was of the normal type, with a 
fairly prominent auricular wave (Fig. 3), while during the 






FI?. 6. — Venous pulse on the day following a paroxysm of ir- 
regularity, showing the frequent occurrence of auricular extra- 
sjstoles. Figure reduced one-half. 

attacks no sign of an auricular contraction could be discov- 
ered in the jugular pulse (Fig. 5), It seems fair to assume, 
therefore, that during these paroxysms her auricles had 
ceased to contract normally. 

Cushny and Edmunds^® have suggested that such at- 
tacks may be due to fibrillation of the auricles. In the 
case of our patient this hypothesis receives a certain 
amount of support from the fact that on the day subse- 
quent to one attack numerous auricular extrasystoles 
were observed (Fig. 6), indicating that the auricles were 
abnormally irritable.. Mackenzie believes that such 
paroxysms may be due to an abnormal irritability of the 
node at the upper portion of the His bundle, which may 
take on the function of initiating the cardiac rhythm. 

The exciting causes of the paroxysms in our patient 
were, as a rule, excitement or exertion. Ilorming" has 
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also noted psychic causes of such paroxysms. In one of 
his patients the irregularity frequently accompanied 
defecation, but finally it would be induced when the 
patient merely started for the toilet. Fr. Miiller^^ refers 
to patients in whom paroxysms were caused by overload- 
ing the stomach and were relieved by vomiting or lavage. 
Although it seems probable from these observations that 
such paroxysms of irregularity may be induced by nerv- 
ous influences, nevertheless some other factors are prob- 
ably present which render certain hearts susceptible to 
such nervous influences. Hornung emphasizes the ar- 
teriosclerosis in three of his four patients, and mitral 
valve disease was present in both of mine. 

The relation of such attacks of cardiac arrhythmia to 
the permanent form of absolute irregularity is probably 
an intimate one. In my patient the paroxysms were 
associated with auricular paralysis just as is the case 
in the typical permanent form. Paroxysms have also 
been noted in patients who subsequently developed a 
permanent delirium. One of mine had been admitted to 
the hospital several years before with deliriimi cordis. 
This had disappeared after a few days, as was shown by 
the radial tracings taken at the time. At present he 
suffers from typical permanent irregularity. 

RELATION TO TACHYCARDIA. 

There is a form of tachycardia which is associated 
with a positive venous pulse with absence of auricular 
waves. This may be of the paroxysmal type with a nor- 
mal venous pulse between the paroxysms or it may occur 
when evidence of auricular contractions is permanently 
lacking. The latter is certainly closely related to the 
permanent form of absolute irregularity, and several ob- 
servers^ have noted that the two may alternate in the 
same patient. I have observed a sudden change from 
tachycardia with a positive venous pulse to the abso- 

12. Mttller, Fr. : The Nervous Affections of the Heart, Arch, of 
Int. Med.. 1, 1. 
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lutely irregular ])ulse. This patient who had myocardial 
disease was given an intravenous injection of one milli- 
gram of strophanthin. Within a few minutes his pulse 
changed from a regular rate of about 150 per minute 
(Fig. 7) to an absolutely irregular pulse of about 70 
per minute (Fig. 8). At the same time his symptoms 
improved greatly. Since that time his pulse has been 
for the most part absolutely irregular, though at times 
it shows a tendency to return to the tachycardia that was 
present when he was first seen. The relation of paroxys- 
mal tachycardia to the irregularities under discussion is 




Fig. 7. — Tachycardia with poBitlye venous pulse before strophan- 
thin injection. Figure reduced one-half. 

less certain, but Hornung^^ has seen a paroxysmal irreg- 
ularity pass directly into a paroxysmal tachycardia so 
that there seems some justification for grouping the 
latter close to tlie absolute irregularities. 

THE EFFECT OF DIGITALIS AND ATROPIN. 

It may be said in general that digitalis and atropin 
have much the same effect on absolutely irregular hearts 
as they have on normal hearts. Atropin increases the 
heart rate and digitalis slows it. Mackenzie^ is of the 
opinion that digitalis acts especially on those irregular 
hearts which are associated with mitral valve disease, 
but I have seen similar results follow its use in patients 
with myocardial disease. The most striking digitalis 
effects are produced by the intravenous injection of 
strophanthin, for here the change in heart rate occurs 
within a few hours, and other accessory factors, such as 
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rest in bed, can be eliminated. In addition to slowing 
the pulse digitalis usually renders it less irregular, in- 
creases its size and improves the subjective and physical 
condition of the patient. In my experience, however, 
neither digitalis nor atropin have ever caused the pulse 
to return to a normal character. 




F\g. 8. — Pnlse from the same patient as Figare 1, after the 
strophanthin injection ; a typical absolutely irregular pulse. 

DISCUSSION. 

Db. Robert H. Babcock, Chicago: During the last few 
years Mackenzie's work has revolutionized our ideas of car- 
diac arrhythmia, and much work has been done by others 
also. The great diflficulty lies in the fact that the use of 
the instruments by which the heart's irregularity is deter- 
mined is diflficult, and in fact belongs to the expert. It 
requires an expert to obtain good jugular tracings, as well 
as to interpret the tracings obtained. The fact remains, how- 
ever, that we are to depend on the use Of instruments in the 
diagnosis of cardiac disease, not only in recognizing cardiac 
disease but also to aid in deciding on the therapeutics appro- 
priate in cardiac disease. For it is evident that when there 
is some serious interference with the transmission of stim- 
ulus to contraction from venous sinuses to ventricles with 
a disturbance in the cardiac rhythm of one kind or another, 
certain medicines, ^uch as those belonging to the digitalis 
group, are not beneficial but actually dangerous. 

Dr. Arthur D. Hirschfelder, Baltimore: Paralysis of the 
auricles was first demonstrated experimentally on animals by 
von Frey and Krehl in 1890 and subsequently on man by 
Mackenzie in about 1894 by means of the venous tracings. 
The absolute demonstration, however, was not really decisive 
until Dr. Hewlett demonstrated it by means of a tracing 
from the esophagus. Prior to this it might have been pos- 
sible for a weak auricular contraction to go on without regis- 
tering on the venous pulse; but now comparatively small 
contractions can be recorded in these excellent esophageal 
tracings. Therefore, it would appear as demonstrated almost 
beyond a shadow of a doubt. Auricular paralysis is very 
commonly seen in experiments on animals. In fact one can 
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hardly experiment on exposed hearts without finding paral- 
ysis of the auricle at some period or other during cardiac 
failure. No trace of fibrillation can be seen under these 
conditions in any part of the auricle. Clinically I can only 
agree with Dr. Hewlett's findings. I have foimd transitory 
periods of auricular paralysis, etc., with absolute irregularity 
in cases of mitral stenosis; and disappearance of the pre- 
systolic auricular rumble at these times. I have been able 
to obtain the same thing in aninmls in experimental mitral 
stenosis. When mitral stenosis is brought about slowly, I 
have obtained, first, a gradual slowing in the diastolic filling 
of the heart. After the production of a more marked stenosis 
diastole was divided into three periods: First, a period of 
rapid filling; a second period, in which there was a little 
further filling; and a third period marked by contraction of 
the auricle. About one-half of the filling of the ventricle was 
due to this contraction of the auricle, as compared with about 
one -fifth in the normal heart. The presystolic rumble was 
loud under these conditions. If the mitral stenosis was fur- 
ther increased, auricular paralysis set in, arrhythmia also ap- 
peared, and the presystolic rumble disappeared. In other 
words, a large part of the filling of the heart was due to 
auricular systole and also led to a presystolic rumble and 
later, when auricular paralysis appeared, the auricular sounds 
disappeared. C3inically, I have been able to find sounds sim- 
ilar to those described by Dr. Hewlett as a diastolic mur- 
mur. This was particularly true in one case, in which I was 
able to hear a soft blowing murmur throughout diastole heard 
at the apex and along the left border of cardiac dulness, 
and also just above the angle of the scapula, corresponding 
exactly to where one would expect to hear if it was produced 
in the left auricle. 

Db. W. S. Thayeb, Baltimore: I feel that the term "presys- 
tolic'' murmur applied so commonly in literature in a general 
way, to the mitral diastolic murmur, is rather unfortunate. 
As a matter of fact, heart murmurs heard in mitral stenosis 
vary greatly in character. 1. One may hear at the apex of 
the heart a characteristic rumbling murmur limited to that 
part of diastole immediately preceding systole; that is, to 
the time of the auricular contraction. 2. The murmur may 
begin shortly after the second sound with marked presystolic 
accentuation. 3. The murmur, of fair intensity, may begin 
shortly after the second sound, which diminishes in intensity 
during the middle, to increase again at the end of diastole. 
4. The murmur may begin shortly after the second sound, 
disappearing entirely during a good part of diastole and re- 
appearing again at the time of auricular contraction. 6. The 
murmur may be observed to begin closely after the second 
ftound and to disappear entirely before the period of auricular 
systole. In all these cases in which the murmur begins in the 
early part of diastole it is usually ushered in by a slight 
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snap, the so-called "opening snap" of mitral stenosis, prob- 
ably due to the early tension of the sclerotic and adherent 
mitral valves. 6. One may hear only the first and second 
sounds and the opening snap without murmurs. 7. One may 
hear no adventitious sounds whatever in the long pause. It 
is then by no means uncommon for a mitral diastolic murmur 
to occupy a position in the cardiac cycle other than that of 
presystole. 

Db. Edwabd F. Wells, Chicago: Any one who studies the 
cardiac rhythms will find them very suggestive, and I have 
studied them for many years. Some very curious features have 
cropped out in these investigations. For instance, the heart 
at one time may have presented a fairly regular rhythm, but 
as time goes on irregularities of the heart become more com- 
mon, if not the rule. As pointed out, the paroxysmal char- 
acter of the arrhythmia may be extremely marked. For ex- 
ample, in tachycardia the rhythm is usually irregular, some- 
times very much so. This same applies, but to a much lesser 
degree, to paroxysmal bradycardia. I have under observa- 
tion at the present time a man 75 years old with paroxysmal 
irregularities of the heart; these paroxysms are very pro- 
found and accompanied by cardiac distress, coldness of the 
skin, perspiration, etc. In this ca^e it was noticed several 
years ago that efforts at vomiting would relieve the parox- 
ysms. Although the pulse is rapid and might be classed as 
paroxysmal tachycardia, still the irregularity is so great that 
it belongs to the category of paroxysms of irregularity of 
the heart. In this patient, aside from marked arteriosclerosis, 
nothing could be found to account for these irregularities. 
There are other forms of irregularity, with tachycardia or 
bradycardia, in which the preceding features were very sug- 
gestive. For example, I have under observation one case, 
a woman, whose occupation requires her to lift heavy ob- 
jects above her head. Her attacks are frequent and are 
brought on by this heavy lifting. Sometimes the attacks 
are short, sometimes prolonged. I have another patient imder 
observation with paroxysmal bradycardia in whom the attacks 
may be induced by suspended respiration. 

Db. R. C. Allen, St. Joseph, Mich.: There is one fact that 
evidently has been overlooked; that is, that many of the 
symptoms described are often the result of reflex phenomena 
rather than of organic disease of the heart. I do not refer 
to any special cases. In many cases it is difficult to draw 
a line between the many forms referred to, whether they 
are due to organic disease of the heart or to reflex disturb- 
ances or irritation. This is a fact very well illustrated by 
the last speaker. His cases might have been reflex in origin. 
I have a case in which there is a purely neurotic cause, a 
result of reflex irritation. This is a fact which I consider 
important and worthy of consideration. In these cases of mere 
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tachycardia, with difficulty of respiration, etc., I would place 
the patient on morphin, bromid of potassium or similar 
agents, and the symptoms would abate. 

Db. G. W. McCaskey, Fort Wayne, Ind.: It seems to me 
difficult to demonstrate positively the occurrence of auricular 
paralysis. The absence of tracings by the intra-esophageal 
method is perhaps very nearly conclusive, beyond which it is 
impossible to entirely exclude weak and inefficient contractions 
of the auricle. I wish to call attention to the importance of 
the use of the stethoscope simultaneously with the graphic 
methods, as well as in the study of presystolic murmurs as a 
further evidence of auricular paralysis. The stethoscope is 
valuable in those cases in which the ventricle has apparently 
failed to contract in consequence of an inefficient auricular 
contraction or functional impairment of conducting fibers. 
Where there is no radial pulse and no palpable apex beat by 
means of the stethoscope, I am sometimes able to distin- 
guish inefficient contractions, which would produce no pulsa- 
tion whatever. 

Dr. a. W. Hewlett, San Francisco: Experimental observa- 
tions in regard to the production of auricular paralysis with 
absolute irregularity have been limited to acute conditions, 
whereas the clinical form of absolute irregularity is chronic 
and this has not yet been produced experimentally. I agree 
with Dr. Thayer regarding the various forms of the murmur 
of mitral stenosis. The presystolic accentuation when pres- 
ent denotes that the left auricle is active. This accentuation 
is absent when the pulse becomes irregular, thus adding one 
link to the evidence that shows that the auricle is not con- 
tracting to any demonstrable extent. 

The prognosis of absolute irregularity depends on whether 
the condition is a paroxysmal or permanent one. If the for- 
mer, the attack may be terminated by some obscure reflexes 
just as it may be initiated by such reflexes. If the latter, I 
know of nothing which will cure the irregularity. We can 
merely hope to improve the condition of the patient. 
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In these days of modem scientific medicine the study 
of physical signs is not receiving as much attention as 
it deserves. Scientific medicine stands essentially for 
two things: accuracy of observation, and the basing of 
conclusions on facts rather than on assumptions or 
theories. We view with pride the advances in our 
knowledge of medicine acquired by work along these 
lines, and pride is justified when we compare our knowl- 
edge to-day with that of even a few decades ago. But 
we are mistaken if we assume that medicine has already 
attained the rank of a science, for we have as yet made 
only a few steps in that direction. 

Unfortunately our knowledge of physical signs has 
lagged far behind many other branches of medical 
knowledge. It is far from deserving the term "scien- 
tific," and it has fallen into disrepute which is more or 
less well deserved. The scientific investigator avoids 
this chaos of empiricism and is a;ttracted to other fields 
in his research work — the more the pity, for we need 
his help most where the darkness is greatest. And yet 
this is one of the most important fields of medicine. We 
must make our diagnosis before our patient is a proper 
subject for investigation by the pathologist, and the 
laboratory worker can as yet solve only a few of the 
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troublesome problems of diagnosis. In a large majority 
of cases we must still depend on our study of the sick 
patient himself, by the use of our own senses aided by 
a few instruments of precision. 

One reason for the disrepute of physical signs is that 
we do not sufficiently train our senses to keenness of per- 
ception. Again we fail to appreciate fully that these 
signs are based on the laws of physics, and we are too 
often oblivious to the distinction between facts and 
fancy in our explanations. Until we rid physical diag- 
nosis of these defects — imperfect or inaccurate obser- 
vations, theories in place of facts, explanations that 
are both illogical and inconsistent with the known laws 
of science — it deserves the disrepute in which it is held 
by scientific minds. 

Many of these illogical and ill-founded statements 
are hallowed by tradition. They were accepted by us as 
matters of course. They have become familiar by fre- 
quent use in the practice of medicine and stand in our 
estimation as established principles or facts chiefly be- 
cause we have never questioned them critically. How 
many of them will stand close scientific criticism? The 
number that fail to meet these requirements is surpris- 
ing. 

Although our recent text-books on physical diagnosis 
are making some efforts in the right direction, they are 
still handing on many of these faulty traditions from 
generation to generation of medical students without 
even intimating that they are open to question. The 
text-books are open to severe criticism because they thus 
fail to discriminate between unfounded theories and 
established facts or well-grounded hypotheses. It is 
true that our knowledge of physical signs can not now 
be reduced to a satisfactory scientific basis, and that 
there are many problems that the science of physics is 
not yet prepared to solve. It is true that the medical 
men are not well enough trained as physicists to solve 
many of the problems and that the physicists are not 
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working in this direction because they do not know 
what the problems are and do not realize their impor- 
tance. We shall need highly trained physicists to help 
in the solution of many of these problems^ just as we 
are now utilizing the services of highly trained chemists 
to investigate the problems of metabolism. But there 
is no need of waiting for this era of the future before 
making a beginning of our housecleaning. We can at 
least discard statements that are clearly inconsistent 
with the simplest principles of physics. In many cases 
we can estimate the degree of doubt about statements 
now accepted as truths. If an hypothesis is reasonable 
enough; we can accept it as such and use it as an aid 
in the search for truth. In this way we can at least 
determine more clearly some of the problems we want 
science to solve. 

I believe that this is a most important matter in the 
future development of scientific medicine — a thing we 
shall never have until the methods in clinical medicine 
are scientific. At present we train students in the lab- 
oratories of the college and medical school to accurate, 
critical observation and to logical reasoning in accord- 
ance with the laws of science. But when we teach 
physical diagnosis — the foundation of clinical medi- 
cine — ^we pay little attention to scientific methods. 

To illustrate these faulty methods I have chosen the 
respiratory murmur for consideration, although many 
other topics would make equally good examples. We 
are dealing with phenomena of sound. In the text- 
books the characteristics of the sound or murmur, as 
heard at various places on the chest, are described with 
fair accuracy. These sounds are compared as to qual- 
ity, intensity, pitch and duration. The difference be- 
tween the inspiratory sound and the expiratory sound 
at a given place is noted. The recording of isolated 
facts is fairly well done. 

The recognition of two types of breathing sound is 
the first generalization from these facts and is too 
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obviouB to cause dispute^ but serious differences of opin- 
ion arise as soon as we attempt to explain why there are 
two types. This leads to questions as to how and where 
the sound originates; and opinions, theories and as- 
sumptions are bandied back and forth by the best au- 
thorities with little regard for facts or the laws of 
physics. And yet the answer to these questions could 
be determined by experiments more easily than the 
physiologist learns about the digestive processes. 

In the absence of such proof by experimental evidence 
we have only hypothesis or assumption ; we should offer 
it as such and not as an established truth. For example, 
there are two opinions as to where the inspiratory mur- 
mur originates. According to one, it originates only 
at the glottis and all modifications are due to changes 
caused as it is transmitted through the lang tissue. The 
other opinion agrees that one type of the inspiratory 
sound originates in this way, but maintains that the 
second type originates in the minute air spaces of the 
lung. High authorities may be found in favor of each 
of these two views, and the question can not be regarded 
as settled. But often the text-book cites one opinion as 
if it were an established truth and does not even men- 
tion the existence of the other. 

When there exists such a difference of opinion among 
the best authorities this fact should be stated, and the 
text-books should decide in favor of one view or the 
other. It should make this decision because in its 
opinion the view accepted is more nearly in accord with 
known facts and scientific principles, and it should give 
its reasons fully. I do not know of a text-book that 
gives more than an imperfect exposition of this matter. 
These publications rely chiefly on authority and not on 
demonstration to prove points. 

Neither do any of the text-books discuss intelligently 
the transmission of the sounds from their points of 
origin to the surface of the chest. It is but a matter 
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of the applied physics of sound. We can understand it 
best by adopting the attitude of the physicist. He 
thinks only in terms of vibrations^-of matter in motion. 
He recognizes the fact that sound vibrations exist at the 
surface of the chest in association with rhythmic breath- 
ing. He asks these questions: What causes these 
vibrations? Where do they originate? How are they 
transmitted from the point of origin to the point where 
they are heard? 

If our text-books are to teach physical diagnosis 
scientifically, they must adopt these same methods and 
teach the physics of physical signs. In this paper the 
limitations of time compel me to do exactly what I 
criticize the text-books for doing — to state my position 
on doubtful problems without giving reasons. However, 
as I am now contending for methods of study and teach- 
ing and not trying to establish facts, I may be excused 
for not practicing what I preach. 

The auswers to the first two questions of the physicist 
are as follows : The vibrations arise at two places — ^the 
glottis and the point where the minute bronchus opens 
into its air sac. The cause is the passage of air with 
suflScient force through a narrow opening into a wider 
space beyond — it being a general principle of physics 
that under such circumstances the air is thrown into 
vibration as it emerges into a larger chamber. It is 
easily understood that the intensity of vibrations at the 
glottis should be great enough to make them audible, 
but a word of explanation is needed as to the other 
source of sound. The immense number of the air sacs 
which contribute vibrations cause an audible sound 
when the vibrations from small numbers of tiie sacs 
would be inaudible. 

We now come to the study of the way in which the 
vibrations are transmitted from these points of origin 
to the surface. It will not be out of place to recapitu- 
late some of the principles of the physics of sound that 
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are involved in this study. Prom the point of view of 
the physicist, sound is a form of energy, existing in the 
form of vibrations of matter. These vibrations are of 
such a character that they are capable of being per- 
ceived by the sense of hearing, provided they have a 
suflBcient intensity and the rate of vibration falls within 
certain limits. In studying the transmission of these 
vibrations, then, we are studying the transmission of a 
form of motion from one set of particles of matter to 
another set. If these particles of matter are uniform, 
that is, if there is a uniform medium, the vibrations will 
travel in all directions at a uniform rate for that 
medium, but will lose in intensity as the square of the 
distance. Different media will transmit the vibrations 
at different rates and may accordingly be classified as 
good or bad conductors. Sound vibrations are more or 
less reflected when in the course of their transmission 
they come to a boundary between two media. Sound 
vibrations are also more or less refracted within a 
medium of uniform consistency but irregular extent. 
These principles of the reflection and refraction of 
sound vibrations cause the vibrations to travel more 
easily within the confines of any anatomic structure 
than to be transmitted to surrounding structures. 
Bodies of uniform, elastic structure are especially good 
conductors. Soft, relaxed tissues, like membranes, which 
are poor conductors, may become good conductors if 
they are put on the stretch. 

It follows that the vibrations will travel a certain dis- 
tance in all directions from their point of origin, de- 
pending on their intensity at the start and on the 
conductivity of surrounding tissues. They will travel 
better and farther in certain directions, which will be 
determined by the anatomic shape, the consistency, elas- 
ticity and tension of the structures that are thrown into 
vibration. 

Let us consider first the vibrations originating during 



Digitized by LjOOQIC 



67 

inspiration in the air sacs. They originate throughout 
the lung structure. They have intensity enough to be 
transmitted to the overlying chest wall, if it is in direct 
contact with the lung tissue, and will be carried by an 
ordinary chest wall to the surface with intensity enough 
to be heard by the ear. The intensity, however, is not 
sufficient to carry the vibrations on the surface far be- 
yond the anatomic limits of the lungs, nor can they 
reach the surface if anything intervenes between ihe 
lung and the chest wall. 

In case of vibrations originating at the glottis during 
inspiration, the problem is a little more complex. There 
are two sets of vibrations — ^those originating in the air 
column itself, and those originating in the vibrating 
vocal cords. The vibrations in the air column will be 
transmitted down the air of the air passages as in a 
speaking tube, and the vibrations from the vocal cords 
find their best line of transmission along the walls of 
the air passages. Both these lines of transmission (air 
conduction and tissue conduction) are good so long as 
the bronchi are of moderate size and have stiff walls. In 
other words, the glottic vibrations are conducted 
throughout the inner part of the lung as far as the 
smaller bronchi extend. Between this point and the 
surface lies a more or less thick layer of lung paren- 
chyma, which, with its minutely divided air spaces, is 
a poor conductor of vibrations. The glottic vibrations 
are distinctly audible at the surface over a thin layer 
of lung and the intensity diminishes with the thickness 
imtil it entirely fails to penetrate the thickest part, 
where we hear only the vesicular murmur. At inter- 
vening points we get a combination of the two types of 
breathing sound, and the predominance of one or the 
other is determined at any point by the anatomic rela- 
tions beneath. 

Let there be a little thickening of the lung tissue — 
as in the earliest changes of tuberculosis — and the 
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laryngeal sounds are better conducted through the lung. 
The laryngeal element is found to be stronger than it 
normally would be at that point. This increases in pro- 
portion to the density of the lung tissue until with a 
solid area of the lung extending from the surface to the 
bronchi we get pure bronchial sounds. 

Let us now consider the expiratory murmur. During 
expiration no suitable conditions exist in the lung 
parenchyma to cause audible vibrations and the vibra- 
tions come only from the glottis. Here the air is thrown 
into vibration as it rushes from the glottis into the phar- 
yngeal space above, but these vibrations are practically 
all cut off by the vocal cords from reaching the air 
passages of the lung. The audible vibrations, there- 
fore, come almost exclusively from the vibration of the 
vocal cords. These vibrations are transmitted (as in 
the case of inspiration) by tissue conduction through 
the walls of the air passages to the interior of the lung. 
They have not volume enough easily to penetrate the 
limg tissue. When, however, at the beginning of ex- 
piration the lung tissue is on the stretch these vibra- 
tions are faintly audible at the surface, but they become 
inaudible as soon as the lung loses this tension. The 
result is that over the thicker lung tissue the expiratory 
murmur is only a short puff at the beginning of expira- 
tion. 

Let the lung tissue be slightly thickened, as in early 
tuberculosis, and there is better conduction of vibrations 
through it. The expiratory murmur is a little louder 
and longer. This increases with the density of the lung 
until with a consolidated lung there is a full bronchial 
expiratory sound. 

With such an explanation of the respiratory mur- 
murs, based on a consideration of the physics of the 
vibrations in the lung tissues, one gets an understand- 
ing of the complex combination of sounds in health and 
readily translates the variations that come with disease 
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into terms of changes in the texture of the lung tissue. 
This is the real aim of auscultation of the respiratory 
murmur — to leam the texture of the lung tissue. 

I do not claim that this explanation of the respira- 
tory murmur is necessarily correct. It is based on 
hypotheses, not on facts proven by experiment, but 
it is consistent with the laws of physics and offers an 
intelligent basis from which to carry out further inves- 
tigations which will confirm or disprove it. It is by 
steps of tliis sort that we shall advance to the truth, 
shall remove the opprobrium from which physical diag- 
nosis now suffers, and shall introduce scientific methods 
into clinical medicine. 

DISCUSSION. 

Db. George N. Jack, Buffalo: Many cases of asthma have 
been sent to me diagnosed as bronchial asthma. On careful 
investigation I would find the obstruction to be confined 
wholly to the common air tube, the bronchi being entirely 
free of all rftles or signs of obstruction. As the condition 
in the larynx would clear up the dyspnea and wheezing would 
disappear. I know of no other way to explain how through 
all ages asthma could have been classed as a nervous spasm 
unless the mistake was due to the transmission of sound from 
the trachea-larynx to the bronchi. The condition is not a 
nervous spasm, but is due to an obstruction in the air tubes. 
For the last ten years I have alone maintained that asthma 
is not due to a nervous spasm of the air tubes, and very re- 
cently Gee of Oxford (in the Gee Medical Lectures, 1908, pages 
140 and 160) has taken the same stand. The real or severe 
dyspnea of asthma originates from a plugging of the common 
air tube which no one would accuse of spasmodically contract- 
ing. When the obstruction is in the smaller bronchi and the 
common air tube is open, asthmatics will breathe quite freely 
with little dyspnea; in fact, they can at such times exert 
themselves with little dyspnea when the chest is full of rftles 
of all sorts as the numerous small bronchi are never all 
plugged at the same time. Can there, then, after considering 
the facts in regard to respiration that Dr. Arnold has brought 
out, longer be any excuse for asserting that a wheeze that 
can be heard clear across the street can come from the small 
bronchi way down in the chest? 

Dr. Henry Sew all, Denver: I believe that the terminology 
used in expressing the findings of a physical examination, such 
as calling the sounds heard "moist" or "dry," is too much 
restricted to denoting the subjective impressions aroused, 
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which difTer for every examiner, and too little descriptive of 
the objective physical conditions in the field. It is highly 
desirable that our armamentarium be enriched with devices 
which shall limit the range of the personal equation. Some 
years ago I carried on some experiments in this field with 
interesting practical results. It will be admitted that the 
sounds perceived in auscultating the chest owe their intensity 
to two sources: first, the vibrations of the tone -producing 
body, which may be conducted to the ear according to known 
physical laws; and, second, sympathetic vibrations which de- 
pend on the elastic properties of the media surrounding the 
vibrating body and which more or less reinforce the original 
vibrations; indeed, in certain sound productions, as in human 
vocalization, the resonance sounds far outstrip in intensity 
the unaided vibrations that give them birth. To be brief, the 
resonance tones of the chest wall can easily be damped and 
deadened. The remaining sounds are those that come by direct 
conduction from the vibrating body. This feat can be achieved 
by use of the ordinary binaural stethoscope having only air 
conduction between the bell and the ear tubes. Apply such a 
stethoscope over the aortic area and the second sound of the 
heart may be heard of great intensity. If the bell of the in- 
strument be now pressed firmly into the second right inter- 
space the sound nearly or completely dies away. That is, the 
second sound, as heard in the aortic area, owes its intensity 
to sympathetic vibration of the chest wall. On the contrary, 
if the stethoscope is applied to the area of the cardiac impulse, 
where the vibrations are conducted directly to the instrument, 
no amount of pressure does away with the heart sounds. I 
have found in "stethoscopic pressure" perhaps the most accu- 
rate means of outlining the borders of the heart, a feat which 
is frequently so difficult. It is interesting to observe that an 
instrument depending wholly on air conduction is necessary to 
the success of this method. If the original wooden, monaural 
stethoscope is used, increase of pressure, for example, in the 
aortic area, does not deaden the sound, for reasons that are 
obvious. 

Db. Walteb E. Scott, Adel, Iowa: One important factor 
in the production of the respiratory murmur has been 
omitted, namely, the sound produced by muscular contrac- 
tion of the muscles used in respiration, the so-called "muscu- 
lar murmur." The contraction of muscles is always accom- 
panied by the muscular murmur, and the great number of 
muscles used in respiration is no exception to the rule. I am 
at a loss to understand how the consideration of the muscular 
murmur could have been omitted in mentioning the sounds 
originating within the chest, especially when one takes into 
consideration the great number of muscles attached to the 
chest and to the ribs. It is easy to observe the murmur 
produced by miiHcular contraction and to prove that it plays 
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a large part in the production of the vesicular respiratory 
murmur. If one closes the external auditory canal with the 
finger tip the roaring sound heard is the sound of the mus- 
cular contraction of the muscles of the hand and arm, as is 
proved by the fact that the sound is absent when the ear is 
closed with wood, hard or soft rubber, etc., and that the con- 
tact of the fingers with the stethoscope produces the same 
sound. The word "murmur" at once indicates that the vesicu- 
lar-respiratory murmur might be made up partly of this 
muscular murmur. With the tip of the finger in the external 
ear it is easy to familiarize oneself with the muscle sound 
and then by listening to the chest to discern the muscular 
murmur as being a part of the vesicular murmur. The mus- 
cular murmur is a large part of the vesicular respiratory 
murmur. If muscle contractions always produce such mur- 
murs, is it not wise that we should consider this sound as a 
part of the sounds originating within the chest? It is, in my 
opinion, very reasonable to conclude that a considerable part 
of these sounds are due to this muscular murmur. Dr. Arnold 
stated that these vesicular sounds went directly to the sur- 
face, while Dr. Scott, in reply, said that the muscles were, 
for the most part, attached to the ribs and the sounds re- 
ferred to originated near the surface. Dr. Arnold also stated 
that in expiration all the vibration originated in the glottis. 
It should be remembered that in expiration there is no action 
of the muscles; they are not contracting, but relaxing. There- 
fore, there is an absence of the muscular murmur, and that 
part of the vesicular respiratory murmur is absent, except at 
the beginning of expiration, when the lung tissues are on the 
stretch. But with inspiration the muscles are at their highest 
tension, and the intensity of the muscular murmur is largely 
to be noticed. The vesicular murmur has two factors in its 
production— one the muscular murmur, the other that caused 
by the passage of air in the lungs. The worthy Chairman of 
this Section, at the Saratoga meeting, a few years 4go, read a 
paper on this subject and related a case in which the patient 
hiccoughed for a number of hours each day until his death. 
Dr. Hoover proved conclusively that, when the glottis was 
firmly closed and no air was entering the lungs, the vesicular 
respiratory murmur was still present. If that is true the 
vesicular respiratory murmur does not originate in the vesi- 
cles, but is explained by the sound of muscular contraction. 

Db. H. D. Abnold, Boston: The object of my paper is to 
stimulate the clinician to think. To-day men should be more 
imbued with the spirit of scientific research and scientific 
thought; then they would work and make some advance in 
the study of disease, the same as the laboratory workers have 
done, and then they would be a greater credit to modern 
medicine. 
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BALTIMORE. 



The contributions to our study of the circulation dur- 
ing the' past few years have been so numerous that I 
shall be able to deal only with a few of those aspects in 
which I have been most directly interested and which I 
feel are of practical importance ; namely, the relation of 
arrhythmias and of the velocity coeflBcient to treatment 
and the studies on the volume and tonicity of the ven- 
tricles. 

One of the most interesting and important results of 
physiologic study has been the physiologic analysis of 
the irregular pulses, which has led us to divide them 
into four groups :* 

THE FOUR GROUPS OP IRREGULAR PULSES. 

First, those which, either associated with certain 
phases of respiration or with meningitis, or in children. 

neurasthenics or convalescents from febrile diseases, are 

f. 

1. For a more complete discussion of the cardiac arrhythmias 
consult : 

Wenckebach, K. F. : Die Arhythmie als Ansdruck bestimmter 
FunctlonstOrungen des Herzens, Lelpslc, 1903. 

Mackenzie, James: The Study of the Pulse and Moyements of 
the Heart, London, 1903; New Methods of Studyinfr Affectiona of 
the Heart, Brit. Med. Jour.. 1905, 1, 519, 687, 702. 759, 812. 

Hirschf elder, A. D. : Graphic Methods in the Study of Cardiac 
Diseases, Am. Jour. Med. Sc. 1906, cxxxll. 378. 

Dock, G : Recent Advances In the Study of Heart Dlseaaa, Wis- 
consin Med. Jour., Aufcust, 1907. 

Hewlett, A. W. : The Common Cardiac Arrhythmias and their 
Clinical Significance, Internat. Clin., 1907. series 17. iv, 47. 
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of neurogenic origin. (Fig. 1.) These are not asso- 
ciated with any cardiac disturbance, disappear tempo- 
rarily under atropin, sometimes permanently disappear 
under general "tonic'^ treatment, hygienic measures and 
the administration of strychnin. 

The second group, due to diminished contractility, is 
shown in the pulsus altemans in which, though the rate 
is regular, each alternate beat is small. This is most 
common in very rapid pulses, and as Mackenzie has 
shown, also in some cases of angina pectoris. It always 
shows that the heart is beating too fast and that its 
strength is insufficient, and hence if the condition con- 
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Fig. 1. — Diagrammatic. Showing the neurogenic forms of Irregu- 
larity. 1. The exaggerated Dormal type. 2. The pulsus paradoxus. 
3. Mackenzie's youthful type Upper line, pulse In Jnj^ular vein, 
a = wave due to auricular systole ; c = wave at the beginning of 
ventricular systole; v = wave at end of ventricular systole. 
Divisions represent 1/5 second. 

tinues more than a few hours it may be considered as a 
symptomatic indication for digitalis or strophanthin in- 
travenously. 

Thirdly, we have to deal with the three varieties of 
heart block (Fig. 2) at the various sites along that in- 
verted Y-shaped path of Purkinje fibers — the sino- 
auricular blocks, the auriculo-ventricular blocks, and 
the blocks between the ventricles. Of the latter we 
know but little, and Doctor Hewlett* has told what we 

2. Hewlett. A. W. : Clinical Observations on Absolutely Trreg- 
alar Hearts, paper presented at this session of the Section on 
Practice of Medicine. 
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do know. The sino-auricular block (Pig. 2, 1) as we 
know it, especially in the cases described by Dr. Hewlett 
and myself, is always functional, and since it is often 
brought on by digitalis it need not be added that in this 
digitalis is absolutely contraindicated. The same ap- 
plies in the auriculo-ventricular blocks (Fig. 2, 2 and 
3), whether organic as in Adams-Stokes disease, or due 
to myocardial weakness and vagal stimulation as in the 
post-influenzal or post-diphtheric conditions or due to 
pressure of tumors on the vagus, as in one case which I 
recently examined. 




FiK. 2.— I*ftrtial and complete heart blocks. 1, sino-auricalar ; 2, 
partial aariculo-ventrlcular ; 8, complete aurlculo-yentricalar block. 
Arrows Indicated probable Impulses arising at the sinus. Upper line, 
yenous pulse in Jugular vein. Lower line, carotid pulse. 

Fourthly, we have the group of irregularities due to 
the abnormal impulses, extrasystoles, which may arise 
either in 'the auricles, the ventricles, or the bundle of 
His (Fig. 3). The latter group is diagnosed, I may 
add without absolute proof having been advanced, when 
the conduction time is shorter than normal. Ventricu- 
lar extrasystoles are often brought about by inability of 
the heart to empty itself. Begularity is then restored by 
digitalis. At other times there is too great irritability, 
and in this case digitalis would only serve to increase 
the arrhjrthmia. Auricular extrasystoles may be a re- 
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salt of disturbed origination of impulses, or of obstruc- 
tion to the emptying of a vigoroufi auricle; as in mitral 
stenosis; as a rule they do not disappear under digitalis 
or atropin, but sometimes a certain amount of benefit 
may result from a simultaneous increase in the tone of 
the heart muscle. 




Fig. 8. — Bztrasyatoles, and auricular paralysis. Underlined por- 
tion indicates duration of systole + eztrasystole -f pause. 1, 
auricular eztrasystole; 2, auriculoventricular extrasystole ; 3, 
ventricular eztrasystole ; 4, auricular paralysis. 

PAROXYSMAL TACHYCARDIA. 

In paroxysmal tachycardia we also have to deal with 
peculiar sudden changes in rate, almost doubling and 
almost halving, sometimes associated with irregularity 
in the transitional stages but usually perfectly regular. 
The doubling and halving is sometimes due to the pass- 
ing on and off of an auriculo-ventricular block; in one 
of my cases it appeared to be a sino-auricular block. I 
have also been able to produce it experimentally by f ara- 
dizing the auricles into a state of fibrillation (Fig. 4). 
Under these conditions the ventricles would suddenly 
pass into a paroxysm of rapid rhythms, sometimes regu- 
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lar, sometimes slightly irregular.' The rhythm was 
then just less than double the original rate, but 
would rise suddenly from 120 to 213 a minute or there- 
abouts and drop at once to the regular rate either on 
vagus stimulation just as a paroxysm of tachycardia 
may stop; or the rapid rhythm might be resumed after 
the vagus stimulation had ceased and later fall spon- 
taneously. As irritability increases, as by successive 
stimulation, the ease with which these paroxysms are 
brought on increases, as does also their duration. But 
even granting that this phenomenon resembles par- 
oxysmal tachycardia, the treatment remains to be 
worked out further. For in that disease digitalis, 
strophanthus, intravenous strophanthin, strychnin, 
atropin, ice-bags, pressure on the vagus, and all the 
well-known cardiac stimulants have been known to fail, 
though sometimes useful. 

VELOCITY OF BLOOD PLOW. 

I shall now discuss the velocity of blood flow in dis- 
ease. In 1904 Erlanger and Hooker* demonstrated that 
the velocity of flow per unit of time is more or less 
proportional to the product of pulse pressure by pulse 
rate. By pulse pressure is meant the variation in pres- 
sure due to the pulse beat, and hence the difference be- 
tween maximal and minimal pressure. This product 
has no absolute value, but has a relative value as a 
standard for comparison in the same individual. Er- 
langer and Hooker found it of importance in determining 
the relation of blood flow to cyclic albuminuria but 

3. Von Ziemmaen (Stndlen ttber die BeweffunnrByorarftDRe am 
meD8chl1'*hoTi Herzen, sowle tlber die mechanlBche nnd elektrlsche 
Erregberkelt des H^erzens and des NervuB PhrenicuB. Deatsch. 
Arch. f. klin. Med., 1882, zxx, 270) produced exactly similar par- 
ozyams of tachycardia by galvanlzatloD, but not by faradization, 
over the precordlam of a subject in which the chest wall had 
been removed along with chondroma of the ribe. 

4. Erlanger, J. and Hooker, D. R. : An Experimental Study of 
Blood Pressnre and False Pressure in Han. Johns Hopkins Hosp. 
Rep., 1904, xli. 146. 
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made no obeeryations on patients. In 1905^ I followed 
the blood pressure in a number of heart cases over a con- 
siderable period of time^ and found that in them the 
general condition seemed to improve when the velocity. 
of flow (as shown by product of pulse pressure by pulse 
rate) increased and to become worse when it decreased, 
so that the patient's condition usually followed the 
velocity curve as shown in Figure 5. 

This observation, which was unpublished, has since 
been confirmed by the very long and careful studies of 
Brun Fellner,* Albert Fraenkel,* Lust,^ and others, who 
show that in general digitalis and strophanthin increase 
the product This is unquestionably true, but in the 
case just quoted the heart muscle was too far weakened 
to give this response until the digitalis was combined 
with nitroglycerin, when the velocity was greatly in- 
creased. In many cases the change in the velocity co- 
eflScient precedes the systemic change for some time, and 
may therefore be of value in predicting and in warding 
oflE impending trouble, so that in many cases it may fur- 
nish a good guide for treatment, especially in bed pa- 
tients.® 

TONICITY OF THE HEART MUSCLE. 

Another line of investigation which is yielding prom- 
ising results is the investigation of tonicity of the heart 
muscle. It has long been certain that important func- 
tional changes go on in the heart without manifesting 
themselves either on the blood pressure or the arterial 
or venous pulse curve, and that these variations are the 

5. Fellner. B. : Klinlsche BeobachtuDfcen tlber den Wert der 
Bestlmmung der wahren PulzffrOsBe (Pulsdruckmessnng) bel Hen- 
und Nierenkranken. Deutsch. Arch. f. kilo. Med.. 1907. IzxxYill, 1. 

6. Fraenkel, Albert, and Scbwarz : Ueber intravenOse Stropban- 
thlntberapie bel Herzkranken, Arch. f. exper. Pathol, a. Pharmakol.. 
1907, Ivli. 79. 

7. Last : Klinlsche Erfahrunffen mlt der IntrayenOsen Strophan- 
thlntheraple, Deutsch. Arch. f. kiln. Med., 1908, xcii, 282. 

8. Since this article was written T. C. Janeway has published 
notes of a case In which the Improvement bore no relation what- 
ever to the velocity coefficient (The Use and Abuse of Digitalis. 
Am. Jour. Med. Sc. 1908. cxzxv. 781). 



Digitized by LjOOQIC 



79 




F\k. 5. — Showixuc conrae of symptoms In a case of myocarditis. 
= Pulse pressure X pulse rate. — Maximal pressure. - - - Minimal 
pressure Pulse pressure. 
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preliminary steps which determine the later changes. 
Many of these are due to changes in tonicity of the heart 
muscle. The importance of a systematic study of car- 
diac tonicity in mammals was emphasized by James Mac- 
kenzie in 1904, and also by Gibson and Clifford Albutt, 
but so far as I am aware no experimental investigation 
has as yet been published. The subject was therefore 




FU- ^' — Diagram llIustititliiK changes Id tonicity and systolic oat- 
put, showing elements which enter into the total volume of the 
ventricles and variations in tonicity with and without variations in 
systolic output. Length of heavy hlack line indicates degree of 
tonicity ; that of shaded line amount of residual blood. 

studied experimentally by Dr. Cameron at my sug- 
gestion and under my direction during the past winter. 
The results are now being presented as a Doctor thesis 
at the University of Edinburgh, and as they will be pub- 
lished in detail within the next few months I shall 
merely describe his general methods and conclusions. 
Tonicity may be defined as the tendency of the muscle 
to resist stretching or overfilling of the heart when the 
walls are relaxed in diastole and changes in tonicity are 
shown by changes in ventricular volume at the end of 
diastole. 
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The changes in volume of the ventricles were studied 
by inserting the ventricles into one of Yandell Hender- 
son's cardiac plethysmographs, so that it fitted air-tight 
about the auriculo-ventricular groove, and connecting 
this with a large recording tambour. For convenience 
the tambour was inverted so that upstrokes record de- 
crease in volume, downstrokes increase. The volume 
at the end of diastole indicates cardiac tonicity (at least 
when the change of rate, etc., is allowed for), that at 
the end of systole shows the amount of blood residual 
within the ventricle. These are relative not absolute 
terms. The diagram (Fig. 6) shows the relation of the 
curve to changes in tonicity, and especially that the 

VOLUME ^f^NSI^^^^^^^^ 

BLPRCd5 ^. ^ -^ 

FlfC 7. — Volame curre In experimental irregnlarlty. Showing the 
tendency to dilatation (downstrokes). 

latter is independent of systolic output. Other things 
bein^ equal, an increased tonicity was accompanied by 
diminution in the volume of residual blood in the ven- 
tricle at the end of systole, while decreased tonicity was 
accompanied by accumulation of it, even to several times 
the amount tterown out at each systole. Such an ac- 
cumulation as a rule gave rise to no irregularities nor 
outward manifestation other than more dilatation 
(Fig. 7). 

Dr. Cameron found that practically all the drugs 
which are cardiac stimulants — digitalis, strophanthus, 
nitroglycerin and strychnin — increase cardiac tone to a 
marked degree. Adrenalin was the only one with which 
it was definitely diminished. The diminution in tonicity 
due to aconite was only about what would correspond to 
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the same stimulation of the vagus. These results are 
especially interesting in the case of strychnin, since this 
effect may be obtained from doses so small that there is 
absolutely no effect on the mean blood pressure. Many 
text-books on pharmacology have stated that strychnin 
has no direct action on the hearty and the Qerman 
writers do not include it at all in their treatment of 
cardiac diseases^ but these studies of Cameron place the 
observations of American and English clinicians once 
more on an experimental basis. 

The importance of preserving a proper degree of 
cardiac tone is shown also on subjecting the heart to a 
slight strain^ as by clamping the thoracic aorta. If the 
tonicity of the heart muscle is good (Fig. 8^ 1) there is 
a momentary dilatation and then the heart gradually 
pumps itself out and gets smaller and smaller until it 
is soon of even smaller volume than before the strain 
was put on it. Whereas, if the tonicity is low (Fig. 8, 
2), the heart dilates and remains dilated; and a dilated 
heart works at a disadvantage, so that this may lead to 
further overstrain. If the heart is in very poor condi- 
tion (Fig. 8, 3), the single strain may lead only to pro- 
gressing dilatation and finally to death. 

LABORATORY FINDINGS APPLIED IN THERAPEUTICS. 

These experiments illustrate what goes on in muscular 
exertion and what we use in the Schott treatment. We 
do not give these exercises to too weakened patients, if 
we did it would still further depress their tonicity and 
make them worse. This sometimes actually happens 
when we are over-zealous in the treatment. But we 
aim to put a very mild strain on the heart, one that it 
readily overcomes, and one that, just as in our dog's 
heart, increases the tonicity and leaves the heart smaller 
than before, with less residual blood and in better con- 
dition to resist another strain. 
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Cameron found, moreover^ that the slowing of the 
circulation, the accumulation of CO, in the blood, and 
the slightest asphyxia caused a marked diminution in 
tonicity, so that in any cardiac overstrain we have insti- 
tuted a vicious circle: 
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Fig. 8. — Showing effect of clamping the aorta on the yolome 
of the heart. Diagrammatic, alter experlmenta done with Dr. Cam- 
eron. 1, Tonicity Increased by strain; 2, low tonicity, permanent 
dilatation: 3, very low. complete heart failure. 

Another experiment has shown that the mere pres- 
ence of an irregularity acts as a factor to bring about 
dilatation, partly by slowing the circulation and lowering 
tonus, partly by increasing venous pressure, so that as 
far as the permanent arrhythmias are concerned we have 
another vicious circle: 



Digitized by LjOOQIC 



84 



y 



n 



DILATATTON, 
WEAK BEABT 



ST { 



DIMINISHED TOXICITT 



AEBHYTHICIA 



.(.; 



INCREASED CO, IN BLOOD 



There still remain several subjects on which I should 
like to touch, namely, the importance of the tonicity of 








Fig. 9. — Showing analogy of positions of yocal cords for voice 
production and positions of heart values In the production of mor- 
murs. Upper line, showing larynx, with (A) vocal cords in position 
for high head note; (B) for low chest note ; (C) for quiet breathing. 
Middle and lower lines showing aurlcnioventrlcular (D, B» F) and 
semilunar (O, H, I) valves with beats increasing from D, Q to F, I. 

the musculature about the mitral and tricuspid valves 
for the prevention of leaks, which can be demonstrated 
by inserting a cannula into the aorta of a sheep's heart, 
filling the ventricle under pressure, and observing the 
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leak ; throwing the muscle into heat rigor by boiling and 
then proving that the leak no longer appears. 

RELATION OF LEAKAGE TO HURMUB. 

Secondly, I should like to call attention to the im- 
portance of obtaining some idea not only of the noise 
made by the leak but also of the amount of leakage that 
actually occurs. In the experiments done with Dr. 
H. A. Stewart* on aortic insuflBciency, we always found 
that a leak at the aortic orifice meant fall in diastolic 
pressure with increased pulse pressure. These leaks were 
sometimes almost completely plugged by fibrin, leaving 
only small channels for the regurgitant eddies. The 
murmur remained; the diastolic pressure returned to 
normal; and the leak was, for practical purposes, gone. 
As you may notice in Figure 9, the analogy with the 
vocal cords, a small leak with narrow orifice may give a 
loud murmur, while a very wide one like the vocal cords 
of quiet breathing may give none. 

In presenting these facts and questions it has been 
my aim not only to present them as facts, no doubt 
familiar to many, but particularly with a view toward 
arousing or increasing interest in the experimental side, 
not merely of pathology and of abstract pharmacology, 
but of practical therapy ; as a plea for the habit of car- 
rying the problems of the bedside to the laboratory, from 
the patient direct to the animal, and then at once back 
again for verification on the patient. 

DISCUSSION. 

Db. William S. Thater, Baltimore: I wish to insist on the 
gravity of the pulsus alterans; these instances may last a 
considerable length of time, but in my experience have always 
been associated with grave myocardial changes. I am inclined 
to think that there is a tendency to-day to take rather too 
grave a view of the import of extra systole. I can not help 
feeling that a great many instances of extra systole occur 

9. Stewart, H. A. : Experimental and Clinical Investigation of 
the Pulse and Blood Pressure ChaoRes In Aortic Insufficiency, 
Arch. Int. Med.. 1008. 1. 102. 
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in young neurotic individuals in whom one is scarcely justified 
in assuming the existence of serious cardiovascular changes. 

Db. G. W. McCasket, Fort Wayne, Ind. : It is of great value 
to the clinician to estimate the pulse pressure by the differ- 
ence between the systolic and diastolic pressure, as shown by 
Erlanger's apparatus. This represents the actual work done 
by the heart, and it indicates in a general way the working 
efficiency of the heart. If the systolic pressure, for example, 
is 200 and the diastolic pressure 176 or 180, representing 
a difference of 25 or 20 — this being the pulse pressure — 
the condition is much more serious than the same systolic 
pressure with a diastolic pressure 35 or 40 mm. less. The 
pulse pressure represents the work the heart is doing. All 
this rests on well recognized physical laws and has its ap- 
plication in clinical medicine. The result gives us Erlang- 
er's velocity coefficient, which represents still more accurately 
the work the heart is doing. This does not express the vol- 
ume of blood the heart is forcing through the circulatory 
apparatus in units of any sort, but is simply an arbitrary 
datum available only for purposes of comparison, but cer- 
tainly has a very considerable clinical value. One of the 
results of the work that is being done in this line to-day is 
the diagnostic and prognostic value obtained by the admin- 
istration of drugs of the digitalis group. I have come to 
regard the effect of the early administration of digitalis of 
the highest diagnostic and prognostic value in some obscure 
cases of arrhythmia. If the giving of digitalis produces a 
bad effect on the heart I am inclined to believe that per- 
haps there are initial changes going on in the bundle of 
His which ultimately will lead to heart-block. 

Db. Abthub D. Hibsghfexder, Baltimore: Extra systole 
is something of extreme importance. The only physical fac- 
tors known at the present time to bring about extra systole 
are those to which I have just called attention. It is impos- 
sible to determine in an individual clinical case exactly what 
influences are at work. Therefore I believe that the only 
thing one can do under these conditions is, as Dr. McCaskey 
has suggested, to administer digitalis early when there seems 
to be a physiologic indication for it, in order to determine 
whether the arrhythmia is improved by it or not; in making 
this determination the action of the drug must be most care- 
fully wached. It is also possible to use strophanthus in this 
condition if the preparation is a good one. It is a little 
milder and quicker in its action, but perhaps more transitory. 
With regard to the velocity coefficient I am sorry that I am 
even more conservative than Dr. McCaskey in advocating it 
as an index for treatment on account of the exceptions which 
have been mentioned. There is need of further investigations 
along these same lines before anything of great value can 
accrue from them. With regard to the value of the estima- 
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tion of pulse pressure and high tension, as for example a 
systolic pressure of 200 and a diastolic pressure of 140, as 
quoted by Dr. McCaskey, I wish to call attention to the fact 
the pulse pressure naturally increases where there exist con- 
ditions which cause a high systolic pressure. The same amount 
of systolic output should give rise to greater variations in 
the pressure at high rather than at low pressure. Consequently 
one must allow for that to a certain extent. Dawson of Bal- 
timore has approximately reached that conclusion, dividing 
the pulse pressiure by the mean pressure. One must make 
allowance for and bear continually in mind those factors 
which produce and perpetuate high pressures. 
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BEMISSIONS IN PERNICIOUS ANEMIA. 



WALTER L. BIERRING, M.D. 
Profeaaor of Theory and Practice of Medicine and Clinical Med- 
icine. State University of Iowa. 
IOWA CITY, IOWA. 



It almost requires an explanation for presenting any 
phase of a subject that has been considered so exten- 
sively in recent years as pernicious anemia, but the phe- 
nomena of remissions form a sufficiently interesting 
chapter in the disease to warrant its being made the 
theme of this brief paper. 

A remission signifies but an abatement of symptoms, 
and so rarely does a complete restitution take place 
that it is to be regarded as a temporary period of im- 
provement and not a cure. The earlier writers who 
coined the term progressive pernicious anemia evidently 
did not give due cognizance to the phenomena of remis- 
sions, because a disease process that is subject to remis- 
sions of improvement, or periods of latency, can hardly 
be regarded as distinctly pernicious; the term progres- 
sive is applicable in that it is not possible to bring the 
process to a standstill or promote a cure. 

Out of a series of twenty-five cases seen during the 
last two and a half years I have taken a few striking in- 
stances as illustrative of remissions in pernicious anemia. 

Case I. — History, — C. W., a laborer, aged 63, was admitted 
April 8, 1907, to the University Hospital, complaining of weak- 
ness and pain in the legs. He was a moderate user of alcohol 
but denied venereal infection. The family history was nega- 
tive. Three years previously he had had a fainting attack 
after which he was confined to bed for six weeks. In Decem- 
ber, 1906, he began to notice weakness and pain in the legs 
which had grown slowly worse. 
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Examination. — When admitted the patient appeared very 
anemic and poorly nourished. Tlie legs were weak and he was 
unable to stand alone. The knee jerks were diminished and 
there was paresthesia and a mild degree of ataxia in lower 
limbs. Urine examination was negative. Gastric analysis 
showed total acidity 36, free hydrochloric acid 10. The blood 
findings, with subsequent changes, are indicated in the follow- 
ing table: 

TABLE 1. 

Sis ; ^f^iliUi 

Date. Red cells, cells. g =2© SS a "g fe o. fe «« j 

4- 8-07 860,000 6,400 40 ++ 1 normobl. 64 30 6 

2 megalo. 

4-10-07 045,000 4,600 20 ++ 63 35 2 

4-13-07 556,000 2,200 30 ++ 1 stippled. 61 36 3 

1 megalo. 

2 normobl. 

4-21-07 710.000 2,600 35 -\- + 48 50 2 

5- 2-07 1,320,000 6,800 35 mod 67 26 7 

5-16-07 2.300,000 5,600 40 few. 3 normobl. 69 27 3.5 

5-24-07 3.090.000 2,000 40 65 38 2 

7- 7-07 3,350,000 2,700 48 61 33 6 

8-23-07 3,580,000 9,600 46 82 17 1 

9-27-07 8,720,000 9,800 56 few 83 16 1 

Treatment. — At the time of the last blood examination the 
patient was able to walk anywhere without support, and gen- 
erally felt well. The medication consisted principally of some 
form of arsenic. During the first three months of his stay he 
tolerated the drug very well, taking as much as 15 minims 
of Fowler's solution three times daily. Later an intolerance 
was manifest and only small doses, 3 to 5 minims, could be 
taken. The cacodylate of sodium was substituted, but even 
small doses of this preparation would lead to digestive dis- 
turbances, albuminuria, and puffiness of the face, compelling 
a discontinuance of the medicine. Although unable to take 
arsenic during the last three months of his stay, the improve- 
ment in his condition steadily continued. Gastrointestinal 
symptoms were not present, except such as were evidently due 
to arsenic administration, and colonic irrigation was not a part 
of the treatment. 

Subsequent History, — It became necessary to return the pa- 
tient to the county farm in Iowa County about Oct. 1, 1907, 
where he continued to do well for several months, when he 
grew gradually worse and died in March, 1908. Unfortunately 
subsequent blood analyses and an autopsy examination were 
not obtained. 
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Case 2. — Uiaiory, — ^P. J., a farmer, aged 46, admitted to 
the University Hospital June 22, 1907, complaining of gen- 
eral weakness. Patient was married, had a family of five 
children, was a moderate user of alcohol, but denied venereal 
infection. The family and medical history were negative. 
In the summer of 1906 he complained of weakness in the back 
and shortness of breath. He continued to work until April, 
1907, when he contracted a cold, coughed a great deal, but had 
no fever or pain. Shortness of breath became so marked that 
he had been unable to work on account of it and because of 
general weakness. He had occasional nausea and vomiting but 
no loss in weight. 

Examinatwn, — When admitted he was very anemic, skin of a 
lemon-yellow tint, scleras icteric and mucosie very pale. A 
hemic murmur could be heard over the precordium. The spleen 
was palpable. His extremities were weak and the ankles and 
feet swollen. The blood findings are shown in the following 
table: 

TABLE 2. 

White ^ B^^ 1 -il sills 

Date. Red cells, cells. S^g^ ?« I^^:!!!!:: 

^ CmSS y. (2 3 3 

0-22.07 1,470,000 800 60 -f+ 00 S5 5 

0-24-07 1,780,000 1,000 46 ++ 62 84 4 

6-27-07 1,480,000 2,000 .40 -f + 1 normobl. 64 38 3 

7- 5^7 1,910,000 2,400 50 polychro- 06 29 5 

masia *f 

7- 8-07 2,110,000 4,200 40 mod 07 28 6 

9-27-07 3,190,000 3.400 60 mod 68 26 5 

10- 2-07 4,060,000 4.600 65 few 08 28 4 

Treatment. — ^During the three weeks' stay in the hospital he 
apparently improved. He returned to his home to be under the 
care of his family physician. Dr. H. A. Powers of Emmets- 
burg, Iowa, who lived nine miles from his home, so that he 
was only able to see him about once every week or ten days. 
The medication was confined to Fowler's solution, but he was 
never able to tolerate a larger dose than 10 minims three times 
daily. He gradually improved, and when he returned the latter 
part of September, 1907, to the hospital for a second examina- 
tion, his general appearance was in keeping with the improve- 
ment shown by the blood examination at this time. He ap- 
peared well and claimed to be able to do full farm work with- 
out becoming tired, and aside from an occasional swelling of 
the feet in the evening he suffered no discomfort. 
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SMbse^itent History. — ^After returning home the patient con 
tinned well duriBg the winter, but since March, 1908, he hafl 
gradually lost strength and is now confined to his house and 
unable to carry on any kind of work. I am indebted to his 
present attendant, Dr. Baldwin of Ruthven, for some care- 
fully prepared slides of his blood, and from these I hare esti- 
mated thai a marked deterioration has taken place in his blood, 
since the examination last October, as poikilocytes, maerocytes 
and microcytes are numerous, and normoblasts are present to 
an extent of 0.6 per cent. 

Although the serial blood analyses are incomplete, it 

seems appropriate to refer to a third case. 

Case 3. — History, — W. J. W., a retired farmer, aged 64, was 
admitted to the University Hospital April 3, 1906, complain- 
ing of general muscular weakness and shortness of breath. 
The patient did not use alcohol and denied venereal infection. 
The family and medical history were negative. About ten 
months preceding entrance he began to lose strength, and expe- 
rienced shortness of breath on exertion, which gradually be- 
came more marked. 

Examination, — ^Physical examination revealed a marked 
pallor of skin and mucus membranes. The spleen waa not 
enlarged but the extremities were very weak and the muscles 
soft and diminished in sice. He was unable to walk without 
support Reflexes and sensation wexe normal. The condition 
of the blood is indicated in the following table: 



rate. 



4- 3-06 
4- 8-06 
4-13-06 
4-18-06 



White 
Red cells, cells. 



TABLE 8. 

*» ►»t-S 



1. 
is 

|8 



« . . 5 . 2 . , 

|i£ |l Hit 

46 52 1.6 

42 56 2.0 

44 54 2.0 

30 59 2.0 

39.2 59.2 0.8 

The blood findings show an unusually low count during the 
month's stay in the hospital, the leucopenia being only of mod- 
erate degree, with a marked increase in the percentage of 
lymphocytes and mononuclear leucocytes, the entire blood find- 
ing being suggestive of Ehrlich's aplastic type of pernicious 
anemia with possible lymphoid hyperplasia of the bone-marrow. 



^ 3i§ 

690,000 4,800 80 mod. 1 normobl. 

600,000 4,000 20 mod. 1 normobl. 

520,000 4,800 12 mod 

600,000 8,900 25 mod. 1 normobl. 



5- 206 580,000 5,900 11 mod. 
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Treatment, — The patient did not bear arsenic well, being 
unable to take the smallest doses. Red bone-marrow, colonic 
irrigation and rest in bed, formed a part of the treatment 
without influencing the disease process in any way, and his 
condition when leaving the hospital was not improved. His 
home physician was an enthusiast on the therapeutic virtues 
of a remedy called "goat's lymph" and applied it, he claimed, 
with apparently good results, as the patient became strong 
enough to walk about the town, attended to most of his busi- 
ness duties and enjoyed fairly good health. 

Subsequent History, — Six months later he again began to de- 
cline and died in February, 1907. During the period of tem- 
porary improvement the home physician received much praise 
while the former attendant was given a blessing of a different 
kind. 

OTHER CASES IN THE SERIES. 

Of the series of eases referred to in this paper one 
patient drifted into the care of a Christian Science 
'dealer'' and another underwent the manipnlations of 
an osteopath — both patients having very low blood 
counts. In each instance the treatment was followed by 
a remission of improvement, a fact which permitted the 
healing measure applied at the time to receive all the 
credit of the apparent cure. A number of the further 
remissions were observed in other cases^ occurring under 
a variety of conditions, but in no instance could the im- 
provement be attributed to any one definite therapeutic 
measure. 

In the first case mentioned the change of the patient 
from the county farm to the hospital, with the im- 
proved hygienic and dietary condition, was no doubt a 
strong factor. The second patient was treated at home 
where the conditions were unfavorable for frequent 
medical attendance. Improvement in the series occurred 
with and without the use of arsenic. 

In several instances where fermentative changes in the 
intestines were a promin^it symptom, high colonic irri- 
gation with normal salt solution seemed to be coiyiected 
with remissions of improvement. One case of the 
aplastic type, which was subsequently confirmed at au- 
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topsy, resisted all measures of treatment and became 
progressively worse. In a baby 10 months of age, with 
the blood picture of pernicious anemia, improvement 
followed the weaning and institution of a proper milk 
diet. 

A certain parallelism is maintained between the 
changes in clinical signs and blood findings, the blood 
condition being usually a fair index of the degree of 
improvement in the patient and also of the reactive 
changes in the hematopoietic organs, especially the 
bone-marrow. 

Barjon and Cade and other French writers lay much 
stress on the value of the syndrome ^leucopenie-lympho- 
cytose^' in diagnosis and prognosis. T^e disappearance 
of the leucopenia and modification of the leucocyte for- 
mula suggests improvement and lessens the gravity of 
the prognosis; quantitative and qualitative changes in 
the erythrocytes being equally indicative of improve- 
ment. While Ehrlich, Lazarus, Bloch, Stengel, Senator, 
Stockton, Cabot and other observers have referred to re- 
missions as characteristic of pernicious anemia, there 
have been very few who have been able to bear out the 
enthusiastic claims of Grawitz, who has reported several 
instances of cures or complete restitution of the blood to 
its normal state. 

CLINICAL AND EXPBKIMENTAL PERNICIOUS ANEMIA. 

Although the blood undergoes a marked improvement 
in the remission period, it still preserves certain abnor- 
mal features indicating that a disturbance in hemo- 
genetic function continues to exist. In this respect the 
experimental pemieious anemias produced in rabbits 
differ from the disease occurring in the human person. 
In using 0.6 mg. doses of the glucosid saponin and 0.02 
mg. doses of ricin (a toxalbumin from the seed of the 
castor-oil plant) to produce pernicious anemia in rab- 
bita— corroborating the work of Bunting — I found in 
several instances not only does an animal become tol- 



Digitized by LjOOQIC 



94 

erant to the toxin, especially with saponiii in fimall 
doecBy but if the toxic agent is discontinued the blood 
gradually returns to the normal and a complete restitu- 
tion takes place, all of which is in keeping with the 
statement of Bloch that certain predisposing conditions 
exist in the hematopoietic structures of the human 
species which favor tlie production and persistence of 
pernicious anemia in miln. 

An analogy exists between pernicious anemia and leu- 
kemia in that both are liable to remissions of improve- 
ment, both are evidently of toxic origin and associated 
with changes in the bone-marrow. 

At best a remission is but an apparent cure, and the 
practical point {hat suggests itself is the need of reserve 
in prognosis and caution in interpreting the results of 
various therapeutic measures — as the most promising 
are frequently unstable, meaning an amelioration more 
often than a definite cure. 

That pernicious anemia is an expression of a toxemia 
— probably enterogenic in origin — is borne out by clin- 
ical studies and experimental demonstrations, so that 
care of the digestive tract is a special factor in the 
treatment of all cases. The recent work of Herter at- 
tributing etiologic significance to specific fermentations 
in the intestinal tract is very suggestive and it will be 
of interest to learn further about his series of cases in 
which the treatment consisted of the removal by colonic 
irrigation of the Bacillus aerogenes capsulatns from tiie 
intestinal tract. 

While the present lack of etiologic unity prevails it 
is evident that the explanation of the remission phe- 
nomena and the finding of a definite curative measure 
are problems still to be solved. 

DISCUSSION. 

Da. GnASUES G. Stockton, Buffalo: Flint, many yean ago, 

pointed out that in pemidouB anemia a disappearance of 

secretions and ferments from the stomach, and the etiology 

of the disease was laid to a gastric atrophy. As time went 
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by all gave up Flint's idea. It is a remarkable fact that he 
made the observation, so long ago, of the disappearance of the 
gastric secretions and ferments in the majority of cases of 
pernicious anemia. The secretions do not disappear in all 
cases, as has been pointed out to-day. In the cases that I 
have studied, and they amount to a considerable number, after 
a true remission I have not found a corresponding improve- 
ment in the digestive tract. There has been an improvement 
in certain cases; but those cases in which there was a great 
improvement in the gastric secretion were never cases of 
achylia gastrica, but seemed to be cases on the border-line; 
also the anemia turned out not to be true pernicious anemia. 
I think that we should be somewhat guarded in our classifica- 
tion of pernicious anemia. Cases that were formerly called 
pernicious anemia we hesitate to name. On the other hand, 
cases formerly called secondary anemias are now classed as 
pernicious anemia, and to that class belong the cases reported 
to-day. I have known these remissions to continue over a 
long period of time. One of the most typical cases I know of, 
lasting ten years, was followed by a remission which, so far 
as I know, still continues. I heard from this patient one 
year ago; he reported himself to be in perfect health. The 
blood count was very low and in every way the case was quite 
classical. I recall another case, that of a woman, who had 
four or five remissions, never severe but typical. These four 
or ^e remissions covered a period of eight years. These, 
however, were exceptional cases. From a clinical point of 
view these cases appear to be cases of pernicious anemia. 
Tliere are few diseases that we seem to know better than 
this disease and yet its real nature remains obscure. As to 
the remedies bringing about remissions, I believe in a course 
of treatment not only by arsenic and hydrochloric acid, as 
recommended by Dr. Dock, but by colcmic lavage and hygienic 
measures. I have seen patients get better who did not follow 
this course of treatment, yet I feel confident that good is 
accomplished by it. 

Db. William S. Thayer, Baltimore: I have seen one cast? 
of apparent recovery from pernicious anemia; this case was 
very similar to the one reported by Dr. Stockton. This patient 
was in Dr. Osier's ward in 1890, and presented the classical 
picture of pernicious anemia. The lowest blood count was 
between 800,000 and 900,000 and the color index waa high. 
Histologically the changes were characteristic. After three or 
four months' treatment the blood count rose to 5,000,000 and 
over, and the patient left the hospital apparently well. Five 
years later the man came back again with carcinoma of tho 
stomach. The blood was then normal. The patient soon left 
the hospital and was lost sight of. Last year I saw a second 
case in which improvement progressed until the blood appearefl 
perfectly normal. This patient entered the hospital in May, 
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remained two or three months and made a remarkably rapid 
recovery. The blood count rose to over 6,000.000 shortly after 
the patient's return to his home and the entire picture of 
pernicious anemia disappeared. Two or three months later 
he was still in good condition, but in February he died. 

Db. Alfbed Stengel, Philadelphia: My experience has been 
that the more cases I see the less certain I am in making an 
absolute diagnosis of pernicious anemia. During the past 
two or three years I have seen a series of cas.es in which the 
blood picture was that of pernicious anemia, yet they differ 
so in their clinical course and in other respects, that I doubt 
whether I have made a correct diagnosis. In many of these 
cases there were evidences of intestinal disturbances. In one 
case there was a slight but continuous bleeding from the 
intestinal tract; the stools were constantly tinged with blood 
and the loss of blood in the aggregate must have been great. 
In another case the stools swarmed with infusoria which I 
could not identify. In three cases slight hemorrhages oc- 
curred, and these were occult in the stools. In another in- 
stance there were evidences of putrefactive changes in the 
feces. These cases all ran a typical course. All showed a rapid 
improvement when given intestinal lavage with simple water 
and instillations of nitrate of silver. All, however, relapsed 
eventually. Three or four patients have since died. The blood 
picture in these cases was largely that of pernicious anemia, 
but not sufficiently so as to make, in my mind, a diagnosis 
absolutely certain. In some of these cases the picture pre- 
sented was typically that of pernicious anemia. In several 
cases remissions occurred from time to time. One case under 
my care for a year or two at one or another hospital, has 
been treated at either the Pennsylvania or University Hospi- 
tal during the past eight yeArs, entering nearly cfvery year. 
The patient has been under my care not less than three times. 
He presented a typical picture of pernicious anemia; there 
was no mistake in this case. With regard to the treatment, 
arsenic relieved many of the attacks. I have known of one 
case, which I reported, that has been under my care four 
different times in four different years with relapses. These 
relapses, as Mackenzie has said, running over a period of 
years, are not infrequent. An important point in drawing 
ileductions is to learn to differentiate between the intense 
anemias, anemias especially of the pernicious types, and cases 
of genuine pernicious anemia; but how to draw a border line 
in these cases I do not know. 

Dr. W. M. McCabe, Nashville: I believe that if Dr. Herter 
is correct in his theory that pernicious anemia . is due to 
anaerobic bacteria in the intestinal canal, then intestinal lavage 
is the proper treatment. I had a patient uncler my care at the 
City Hospital, in the service of Dr. John A.. Witherspoon, witli 
a leucocyte count of 3,000, an erythrocyte count of 1,500,000, 
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hemoglobin index 1.5 per cent., nucleated red cells, etc. Appeii- 
dicostomy was performed and the colon was irrigated twice 
daily with two gallons of saline solution. Several weeks 
after this treatment was begun the leucocyte count was 
7,000, red cells 3,200,000, hemoglobin index 0.9 per cent., and 
no abnormal types of cells were present. It is especially in- 
teresting to note that examination of the stomach contents 
showed lactic acid in large quantities and an absence of free 
hydrochloric acid. This would be frequently examined to see 
if the free hydrochloric would return. At operation the stom- 
ach was examined and foimd somewhat contracted. No cancer 
was present. 

Db. Huoo a. Fbeund, Detroit: As a rule I would give a 
jTood prognosis in a given case of pernicious anemia, that is, 
for a relative length of time. All cases that I have seen 
came to me with a distinct and definite picture, but there 
were some cases, only a small number, that showed a rapidly 
progressive type. These are beat described as primary pro- 
gressive cases. I believe that the general practitioner should 
give a good prognosis in all the cases he meets, but only for 
a relatively short length of time. The influence of treatment 
is only relative; experience with these cases shows that but 
little, difference is made whatever treatment is employed, 
whether by arsenic, hydrochloric acid, pancreatin, goat's 
IjTnph, osteopathy, Eddyisni, or what not; all have been use- 
ful at times^ however. There is a time when patients have 
blood crises, or blood showers; this I have noticed on many 
occasions. It has been asserted that when these showers oc- 
cur dissolution is soon to follow. In a large number of cases 
watched at the University Hospital at Ann Arbor death did 
not follow; and these blood showers occurred in a large per- 
centage of the cases. What does it mean? Probably it is an 
attempt on the part of the bone marrow to regenerate. If 
the body is attempting to restore the normal function of the 
blood it seems to me this is a propitious moment for such a 
restoration, and the giving of arsenic at this time is usually 
followed by beneficial results. Some of these patients per^ 
sisted in a good state of health for a long time. I recall one 
oane tinder observation for eleven years; I still hear from this 
patient and there has been no return of the symptoms. With 
these showers a low blood count has been noticed; cases 
have been reported of a low blood count, in which there has 
been a decided improvement following treatment; the patients 
^t well. Some of these are remarkable cases. In these 
showers there usually occurs a larger percentage of nucleated 
red cells per centimeter than white cells. Lymphocytosis is an 
interesting phase in this disease; an increasing lymphocytosis 
is prognostic of dissolution, far more than any other particular 
blood picture. 
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Db. John A. VVitukbsfoon, Nashville: 1 had a pfttient, a 
man, 35 years old, who had a typical pemidouB anemia so 
far as the symptoms and blood findings were conoemed. I 
have always hesitated in advising appendiooetomy and colonic 
irrigations; I have generally been able to get along without 
it. In this case, however, I believed it wise to give it a trial. 
The result was that, with a patient evidently rapidly ap- 
proaching dissolution, the man gained ten pounds in weight 
during the last ten days, and has made a manrelous improve- 
ment. Whether this improvement will be permanent or not 
I do not know; but it is a remarkable fact that in this case, 
with the patient progressively going to the bad, and appar- 
ently with but a short time to live, I should have soeh an ex- 
cellent result from the use of colonic irrigations of normal 
saline solutions given twice a day; the recovery was eertainly 
« rapid one. The fact that this patient gained ten pounds in 
weight in such a short time is good evidence at least of 
marked improvement in his powers of digestion. I shall try 
to keep in touch with this patient and report further in the 
journals. I am prejudiced against appendicostomy. 

Dr. Jesse S. Mteb, St. Louis: I have a patient, a man 60 
years of age, who has been under my obRervation for over a 
year. He came to St. Louis from Georgia in a state of perfect 
collapse. He had the most marked degree of anemia that I 
have ever seen. There was anasarca, dyspnea and the typical 
picture of the blood of pernicious anemia. The intestinal 
symptoms were very marked, and characterized by a 
severe and persistent diarrhea. Because the patient came 
from Georgia, where there are many cases of infection with 
Anchylo8toma duodenale, and because of the marked intestinal 
symptoms, with traces of blood in the feces, with a blood 
picture of pernicious anemia, I felt justified in instituting the 
regular specific treatment for A. duodenale, even though I 
was not successful in demonstrating the existence of the eggs 
in the stools. Thymol was given in large doses and the im- 
provement was so marked that in one month the patient was 
able to return to his home and resume his duties. At the 
end of six months, however, he reported that he was in a simi- 
lar condition. His physician resorted to thymol again, but 
without any effect whatever and the patient died. The appar- 
ent response to treatment for infection with A. duoietyatU 
simply proved to be a coincident remission in the symptoms of 
pernicious anemia described by Dr. Bicrring. 

Db. Waltbb L. Bibrbino, Iowa City : Dr. Stockton's state- 
ment that in remissions of improvement in pernicious anemia 
there is no return of the free hydrochloric acid in the gastric 
jttiee corresponds with that of Grawitx, who firmly believes 
in the possibility of a comf^ete cure in pernicious anemia, 
and has reported two cases, <me of five and the other of «ight 
years' stanling, in neither of which was there a return of the 
free hydrochloric acid in the gastric secretion, indicating that 
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a complete restitution to the normal had not taken place. 
The view expressed by Dr. Stengel that a number of similar 
conditions are met in which a pernicious type of anemia pre- 
vails is very apt — as evidently such states as aplastic and 
metaplastic anemia, ehloranemia, and severe instances of sec- 
ondary anemia, are closely related, all being dependent more 
or less on changes in the bone marrow, resulting from toxic 
influences acting on this tissue and other hemopoietic struc- 
tures. True pernicious anemia of the Biermer type is not as 
common as generally believed; in fact, it is a rather rare 
disease. Its greater frequency in later life supports the view 
that changes take place with age in the hemopoietic struc- 
tures which predispose to the production of this disease. 

The suggestion of appendicostomy as a therapeutic measure 
to facilitate the irrigation of the colon is very interesting. 
While colonic irrigation certainly influences toward improve- 
ment this does not mean that every case of pernicious anemia 
is necessarily colonic in origin. The uncertainty of our knowl- 
edge of the etiology, toxic agent and portal of entry makes it 
difficult to judge properly the merits of the different methods 
of treatment that are proposed in this disease. 
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The object of this paper is to present a pr^ical work- 
ing method for the determination of the sodium chlorid 
content of the blood and other body fluids, together with 
the results obtained by this method in a variety of dis- 
ease processes. Especial interest attaches to such a 
study because of the questions that have been raised dur- 
ing the past few years relative to chlorid retention and 
excretion in certain acute and chronic maladies. 

The amount of sodium chlorid in the blood of normal 
individuals is generally estimated as being about 0.5 
per cent. (v. Jaksch). In the oft-published tables of 
C. Schmidt^ the proportion of sodium chlorid in healttiy 
human blood is given as 0.5546 per cent, while Bier- 
nacki* gives lower values and finds normal variations 
between 0.441 and 0.468 per cent The discrepancy in 
these findings probably depends on the fact that analyses 
of the ash of the blood are among the most di£5cult in 
chemistry for the reason that certain substances, includ- 
ing chlorin, are easily volatilized if too much heat is 
applied. Furthermore, it is to be remembered that 
practically all the sodium chlorid resides in the plasma, 
while very little, if any, is present in the blood cor- 

1. American Text-Boole of Physiology, ed. 2, i, 50. 

2. Untersachungen aber die chemlache Blntbeschaffenhelt bel 
pathologlschen Zastftnden. Ztschr. f. kiln., Med., 1894, xxiv, 460. 
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puscles. Hence analyses of blood obtained postmortem 
after more or less clotting has occurred are absolutely 
unreliable, and the error inherent in such a method of 
procedure is responsible for the bizarre findings in cer- 
tain recent investigations of the blood in diseased condi- 
tions of the body^ as I shall presently show. 

The method of sodium chlorid determination which 
forms the basis of this paper is one which is applicable 
in the routine bedside study of the patient, and one that 
can be easily carried out by any one versed in the work- 
ings of the regular clinical laboratory. It is an adapta- 
tion of the well-known Salkowski-Volhard method of 
the quantitative estimation of the chlorids in the urine 
and gastric contents. There would seem to be no reason 
why this procedure, as a clinical method, should not 
apply in the case of the blood, provided that the proteid 
constituents be first removed so that the silver nitrate 
used will not combine with these to form silver albu- 
minates. In order to rid the blood of the albumins it 
was decided to precipitate and oxidize these bodies by 
nitric acid as a preliminary step. After this the method 
departs in no way from the routine procedure as used 
in the case of the urine. The results of the first experi- 
ments gave values for sodium chlorid in agreement witli 
those of previous investigators, and further work showed 
variations which are exceedingly slight in degree and 
well within the limits of error of any clinical method. 

METHOD OF OBTAINING THE BLOOD. 

The requisite amount of blood is secured from one of 
the larger veins at the bend of the elbow by means of 
an aspirating syringe. A simple form of apparatus con- 
sists of a piece of glass tubing, diameter 10 mm., with 
tapering ends. To one end is attached a short piece of 
rubber tubing connected with a large>sized hypodermic 
needle; to the other is attached rubber tubing with a 
mouthpiece such as is used with the ordinary blood- 
counting pipette. This latter end of the glass tube is 
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made laige enough to readily admit the stem of a regu- 
lar 1 c.c. Yolumetric pipette. This apparatus is easily 
constructed and is similar to one described in Swing's 
"Clinical Pathology of tiie Blood/** except that the 
needle is not attached by a ground-glass connection. 

The skin on the inner surface of the elbow is thor- 
oughly cleaned with alcohol and sterile pledgets, and 
the apparatus — with the exception of the long rubber 
tubing — ^is boiled. After careftQly blowing out all the 
contained water the needle is introduced into the vein 
through the skin and the blood aspirated by suction. 
About 2 or 3 c.c. of blood are drawn into the glass tube, 
the needle is withdrawn, the rubber tubing connecting 
the needle with the syringe is compressed, the tubing 
leading to the mouthpiece is disconnected from the 
syringe, the volumetric pipette is introduced into the 
syringe and 1 c.c. of blood is measured out The whole 
procedure can be done carefully and rapidly before there 
is any tendency to clotting. 

KETHOD OF THE GHLORID DETjESRMINATION. 

One cubic centimeter of blood, exactly measured as 
above described, is placed in 25 c.c. of nitric acid solu- 
tion (concentrated nitric acid, C. P. 1 part, distilled 
water 3 parts). The volumetric pipette is rinsed out 
four or five times with distilled water and the washings 
added to the blood and nitric acid mixture. The color 
varies from reddish-brown to chocolate-brown, varying 
very appreciably with the hemoglobin content of the 
blood. The albumin bodies of the blood are at once pre- 
cipitated and oxidized by the nitric acid, while the 
sodium chlorid content is unaffected. 

To this solution are added exactly 5 c.c. tenth-normal 
silver nitrate solution. This is well shaken, allowed to 
stand ten minutes, and then put in a 50 c.c. graduated 
flaak and the amount made up to the 50 c.c. mark with 
distilled water. This is then poured into a clean beaker, 

3. Second edition, iwge 67. 
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thoroughly mixed^ and 25 c.c. are filtered into a grad- 
uated flask of that capacity. This filtrate, which is 
almost colorless, is used for the titration. 

Ten drops of a saturated aqueous solution of ferric 
ammonium sulphate are added to the filtrate as an indi- 
cator. Into a burette, graduated in 1-20 c.c, is placed 
a twentieth-normal solution of ammonium sulphocyanid. 
Titration is then carried on until every trace of silver 
is precipitated, when the sulphocyanid combines with 
the ferric salt to form the reddish-brown ferric sulpho- 
cyanid. The end reaction is very sharp and the titra- 
tion is stopped at the first tinge of color. 

The calculation is very simple The number of cubic 
centimeters of the sulphocyanid solution required is de- 
ducted from the volume of silver nitrate solution used 
(5 C.C.) and the diflEerence, in the terms of NaCl, repre- 
sents the amount of chlorid, as NaCl, in one cubic centi- 

meter of blood. 1 c.c. — AgNOg = 0.00585 gm. NaCl. 

10 
(The calculation requires that the number of cubic centi- 
meters of sulphocyanid solution be multiplied by 2, as 
only 25 c.c. of the filtrate were used and not the entire 
50 cc, and this sum is then to be divided by 2 for the 
reason that 2 c.c. of twentieth-normal sulphocyanid solu- 
tion is equal to 1 c.c. tenth-normal silver nitrate solu- 
tion.) In my experiments I made up an approximately 
twentieth-normal sulphocyanid solution, and th«i de- 
termined the exact value of 1 c.c. of this solution in 
terms of silver nitrate and sodium chlorid. 

In the following report of cases attempt was made to 
study a variety of conditions which might prove to be of 
interest from the possible changes of the sodium chlorid 
content of the blood. In each case the amount of sodium 
chlorid in 1 cc. of blood was determined, but for com- 
parison with previous results in which a weighed quan- 
tity of blood was used, the sodium chlorid in 1 gram of 
blood is estimated by dividing the amount in 1 cc by 
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1.060, the specific gravity of normal blood. This intro- 
duces a sliglit error in the cases of anemia in which the 
specific gravity is necessarily lower than normal. 

That this method is not at all difficult to carry out, 
with due regard to the accuracy required in any quan- 
titative chemical analysis, is seen in tlie fact that this 
small series of cases represents every consecutive experi- 
ment I have made with the exception of two early ones 
in which the technic of obtaining the blood was at fault. 

REPORT OF CASES. 

Case 1. — Male, aged 43, with aortic insufficiency, broken 
compensation, dyspnea, cough, enlarged liver, edema of ankles; 
1 c.c. blood contains 5.49 mg. sodium chlorid, or 0.5 IS per 
cent, sodium chlorid by weight. 

Case 2. — Male, aged 29, with gastric neurosis with absence 
of free HCl after test breakfasts. For past ten days he has 
been taking 3 drams of dilute hydrochloric acid daily; 1 o.c. 
blood contains 5.34 mg. sodium chlorid, or 0.604 per cent, 
sodium chlorid by weight. 

Case 3. — Male, aged 24, with epilepsy. Patient has been 
on a diet with restricted salt for past three months, and has 
taken no bromid during this period; 1 c.c. blood contains 5.49 
mg. sodium chlorid, or 0.518 per cent, sodium chlorid by 
weight. 

Case 4. — ^Male, aged 40, with chronic interstitial nephritis. 
He has hypertrophied heart, relative mitral insufficiency, mod- 
erate dyspnea, blood pressure from 218 mm. to 235 mm., 
marked neuroretinitis, occasional vomiting, no diarrhea. The 
lurine is increased in amount, of low specific gravity, with a 
good trace of albumin and a moderate number of hyaline casts. 
Determination of the chlorids in the urine shows an excretion 
of 4.37 gms. in 24 hours. Patient is receiving no medicines, is 
on liquid diet, and is being given a daily sweat-bath; 1 cc. 
blood contains 5.19 mg. sodium chlorid, or 0.489 per cent, 
sodium chlorid by weight. 

Case 5. — Male, aged 10, with chronic parenchymatous neph- 
ritis. He has marked general anasarca, hydrothorax and 
ascites, and pronounced anemia. Urine: 1,950 cc in 24 
hours; specific gravity, 1.018; albumin, 8 gm. per liter; many 
hyaline, finely and coarsely granular casts. Determination of 
chlorids shows an excretion of 6.10 gm. sodium chlorid in 24 
hours. Left chest was aspirated and 1,900 c.c. serous fluid 
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withdrawn. This contained 7.28 mg. sodium chlorid per cc; 1 
C.C blood contains 5.80 mg. sodium chlorid, or 0.547 per cent. 
sodium chlorid by weight. 

Case 6. — Male, aged 32, with acute lobar pneumonia. 
Seventh day of illness: He has consolidation of whole left 
lung, continuous fever, delirium, herpes, etc. Urine: 2,450 c.c. 
in 24 hours, with total chlorid excretion of 1.04 gm. sodium 
chlorid; 1 c.c. blood contains 5.65 mg. sodium chlorid, or 0.533 
per cent, sodium chlorid by weight. 

Cask 7. — Same patient as in Case 6. Eighth day of illness: 
Crisis occurred last night. 1 c.c. blood contains 5.49 mg. 
sodium chlorid, or 0.518 per cent, sodium chlorid by weight. 

Case 8. — Male, aged 53, with carcinoma of stomach, for 
which gastroenterostomy has been done. He has marked 
prostration and anemia. Hemoglobin, 35 per cent.; 1 c.c. 
blood contains 5.95 mg. sodium chlorid, or 0.5G1 per cent, 
sodium chlorid by weight. 

Case 9. — ^Female, aged 29, with marked secondary an^nia 
due to bleeding hemorrhoids. Red blood corpuscles, 2,100,000; 
white blood corpuscles, 7,200; hemoglobin, 25 per cent.; 1 c.c. 
blood contains 6.24 mg. sodium chlorid, or 0.588 per cent. 
sodium chlorid by weight. 

Case 10. — Same patient as in Case 4. Uremic conut; dura- 
tion, 48 hours; void urine involuntarily. This examina- 
tion was made 27 days after that recorded in Case 4, and 
3 days before death; 1 c.c. blood contains 5.34 mg. sodium 
chlorid^ or 0.504 per cent, sodium chlorid by weight. 

Case 11.— Male, aged 17, with acute lobar pneumonia; con- 
solidation of right lower lobe. Sixth day of disease. Urine: 
810 c.c. in 24 hours, with total chlorid excretion of 1.92 gm. 
sodium chlorid; 1 cc. blood contains 5.19 mg. sodium chlorid, 
or 0.489 per cent, sodium chlorid by weight. 

Case 12. — Male, aged 34, with Hodgkin's disease. Patient is 
in hospital for diagnosis and is receiving no medicine. Red 
blood corpuscles, 3,016,000; white blood corpuscles, 9,600; 
hemoglobin, 37 per cent.; 1 cc. blood contains 5.80 mg. sodium 
chlorid, or 0.547 per cent, sodium chlorid by weight. 

Case 13. — ^Male, aged 18, with splenomyelogenous leukemia. 
On admission three weeks ago leucocyte count on three exam- 
inations showed 268,000, 220,000 and 241,000 white cells per 
cmm., with typical blood picture. The spleen is exceedingly 
large. Since admission he has been treated with arsenic and 
dP-ray applications. To-day blood count shows: Red blood 
corpuscles, 2,560,000; white blood corpuscles, 26,800; hemo- 
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globin, 45 per cent.; 1 c.c. blood contains 6.38 mg. sodium 
chlorid, or 0.601 per cent, sodium chlorid by weight. 

The sodium chlorid content of the blood in this series 
is seen to vary between 0.489 per cent and 0.601 per 
cent. The former figure was obtained in two cases, one 
case of chronic interstitial nephritis and one of pneu- 
monia, the latter in the patient with leukemia with sec- 
ondary anemia. It is at once noted that the higher 
values are found in the patients with anemia, including 
one case each of chronic parenchymatous nephritis. 
Hodgkin's disease, carcinoma of stomach, secondary 
anemia due to bleeding hemorrhoids, and leukemia. On 
the other hand, the lowest values are found in those 
conditions which are associated with venous stasis as is 
well seen in one of the pneumonia cases, and in the 
patient with chronic interstitial nephritis with relative 
mitral insufficiency and dyspnea. These findings are in 
entire accord with the results of cr}'OSCopic examinations 
of the blood in similar conditions. Thus, the extensive 
researches of Koranyi* showed that the freezing point of 
the blood is higher, i. e., above 0.56 degrees C, in 
anemias and those fevers which do not interfere with the 
respiration, including chlorosis, tuberculosis, typhoid 
and the various cachexias; while the freezing point of 
the blood is lower than 0.56 degrees C. in all diseases 
which are accompanied by deficient respiration or kidney 
function, or both, including pneumonia, broken compen- 
sation in cardiac disease, and nephritis. 

In spite of the fact that the salt content of the blood 
is generally accepted to be practically constant in both 
health and disease, as is abundantly confirmed by cryo- 
scopic studies, yet a review of the recent literature on 
the subject of chlorid retention reveals frequent refer- 
ence to "chloridemia." 

Furthermore, several monographs, representing ardu- 
ous chemical investigations, have lately appeared in 
which the authors have found marked variations in the 

4. Ztfichr. f. klin. Med., 1897, xxzUI, 1-54 ; 1898, zxxIy. 1-52. 
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sodium chlorid content of the blood in the differenL 
conditions studied. The most extensively quoted of 
these is a paper bv Rumpf° who made complete analyses 
of the blood, kidney, heart, liver and spleen postmortem. 
In fifteen cases of nephritis he obtained values for 
sodium chlorid in the blood from 0.533 per cent, to 
0.141 per cent. He (jcmcludes, in part, as follows : '^In 
many cases of nephritis the chlorid content of the blood 
and of the tissues is increased ; nevertheless, the chlorid 
content in nephritis gives by no means the highest values. 
Furthermore, there are cases of chronic nephritis in 
which tlie chlorid content of the blood is rather dimin- 
ished than increased in soite of edema, albuminuric 
retinitis, and uremic phenomena." 

This author's conclusions are based on results that 
are entirely inaccurate for the reason that the blood 
was obtained at the postmortem table at varying periods 
after death. As is well known, nearly all the sodium 
chlorid resides in the plasma, and the clotting and sedi- 
mentation of the blood prevented him from obtaininii 
the due proDortion of corpuscles and plasma in the 
specimens weighed out for chemical investifiration. It 
was the frequent reference to Eumpf s paper that led 
me to devise the method of sodium chlorid determination 
herein contained. The results in my cases, however, are 
in entire accordance with the findings of cryoscopy and 
the generally accepted fact that the sodium chlorid con- 
tent of the blood, or rather plasma, is remarkably con- 
stant both in health and in disease. 

The application of this method to the study of transu- 
dates and inflammatory exudates may prove to be of 
interest. I have had the opportunity of making only 
three experiments in this direction, as follows : Arthritis 
of knee, clinical diagnosis tuberculosis, 1 c.c. fluid con- 
tained 6.38 mg. sodium chlorid; hydrothorax in a case 
of chronic parenchymatous nephritis, 1 c.c. fluid con- 

5. Ueber chemische Befunde bel Nephritis, Mttnchen. med. 
Wchnschr., 1905, 111. No. 9. p. 393. 
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tained 7.28 mg. sodium chlorid pleurisy, with effu- 
8io]i> 1 c.c. fluid contained 6.38 mg. sodium chlorid. 

SUMMARY. 

The sodium chlorid content of the blood and body 
fluids may be accurately estimated by an adaptation of 
Yolhard's method of quantitative chlorid determination 
after first precipitating and oxidizing the albumin bodies 
by nitric acid. The method requires one cubic centi- 
meter of blood, aspirated from a vein, and accurately 
measured in a volumetric pipette. Clinical applications 
of this method show a practically constant value for 
sodium chlorid in a variety of conditions such as nephri- 
tis with and without edema, uremia, pneumonia, epi- 
^^P^y^ gaatric anacidity, and conditions of cachexia. 
Variations in the amount of sodium chlorid depend on 
the relative proportion of plasma and corpuscular ele- 
ments in the specimen examined, with the highest values 
in cases of anemia and the lowest fipiires in patients with 
venous stasis due to heart, kidney or lun? affections. 

CONCLUSIONS. 

1. The pronortion of sodium chlorid in the plasma 
of the blood is constant in conditions of health and dis- 
ease. 

2. The term "chloridemia'^ is unjustified. 
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PELLAGBA. 

ITS ^CGUBREXCS IK THIS OOUNTRT; BEPORT OF CAS£S. 



R. HARLLEE BELLAMY, M.D. 

WILMINOT0I7, N. C. 



Pellagra is a trophoneurotic disease^ affecting the 
cerebrospinal, digestive and cutaneous systems and 
characterized by an erythema. The immediate cause of 
pellagra is a fatiy oil or extractive, called by Lombroso 
pellagrozein^ that develops in fermenting and decom- 
posing maize. This extractive is probably formed under 
the influence of a fungus. Poverty and unhygienic 
surroundings are predisposing causes^ and most cases 
probably occur among the agricultural class, because 
they raise maize and eat it as a regular daily diet. 
Women are more often attacked than men, and 
children less often than adults. The disease occurs 
more often in patients between the ages of 30 and 50. 
As the erythema selects those portions of the body 
exposed to the sun's rays, it is more than probable that 
exposure to the sim is a factor in its development. 

Belmondo believes that the disease is due to a specific 
organism. Lombroso experimentally produced in men 
and animals, with an extract from decomposed maize 
symptoms, analogous to those of pellagra. In Egypt 
pellagra occurs only where com is eaten. 

After a careful inquiry among farmers in regard to 
corn, I found the following facts : 

1. Com that is allowed to mature on the cob does not 
ferment or decompose after being gathered, and is suit- 
able, as food, both for men and animals. 
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2. Corn gathered before maturing on the cob always 
ferments and decomposes. This process of fermenta- 
tion is called *Tieating," and that of decomposition 
"rotting." 

3. If this decomposed and fermented com is fed 
to animals (except swine), it produces a condition called 
'T)lind staggers/* which is accompanied by a severe 
diarrhea and inability of the animal to stand. It stag- 
gers from side to side, and is apparently blind. This 
disease is very fatal, 98 per cent, of the animals attacked 
dying, and if the animal passes through the- acute 
attack, it is spastic and never able to work again, 
because of stiflEness of the limbs. That the acute attack 
is analogous to acute pellagra, and the chronic condi- 
tion to chronic pellagra, is probable. 

4. Farmers have learned never to give decomposed 
com to their stock. When visiting other people, some 
farmers will not eat bread or grits, for fear of it being 
made from decomposed corn. 

5. The extreme end of the cob, which often projects 
from the end of the shuck, always decomposes, and 
farmers cut this oflf before throwing it into the bin. 

6. When corn is planted, the farmers watch the hills, 
and if any fail to grow, they are replanted. In this 
way, when harvest time arrives, there is some com not 
mature, and if it is used in this condition there is 
danger of the other corn becoming contaminated by it. 
The better class of farmers eliminate this com, or leave 
it until it matures. In spite of this, some decomposed 
meal is marketed. When mixed with good meal, it is 
scarcely noticeable, and is sold at reduced prices to the 
very poorest. In this way, we account for the occur- 
rence of pellagra. 

Prior to 1907 pellagra was not recognized as occurring 
in the United States. During that year. Dr. G. H. 
Searcy* reported eighty-eight cases of acute peUagra 

1. S«arcy. George H. : Bpidemlc of Acute Pellagra, Thi Journal 
A. M. A., July 6, 1907 ; x^x, 37. 



Digitized by LjOOQIC 



Ill 

occurring at the afiylum for the (colored) insane at 
Monnt Vernon, Ala. This epidemic was yeiy fatal, 
64 per cent, of the patients dying. The maize eaten at 
this institution was found to be decomposed and unfit 
for food. 

A sporadic case was reported by Dr. T. C. MerrilP 
of Colorado, Texas, in September, 1907. 

Dr. J. W. Babcock, of Columbia, S. C, reported to 
the State Board of Health nine cases of pellagra. Three 
of these cases were complicated by hookworms, and 
treatment for this condition helped them. 

Besides the cases which I report, a half-dozen more 
have occurred in my community. That this disease 
has been occurring there for many years there is little 
doubt, as a careful inquiry among older physicians 
brings to light many unrecognized cases. 

PATHOLOGY. 

There is fatty degeneration of the liver, kidneys, 
spleen, and myocardium; atrophy of the muscular coat 
of the intestines, and sometimes ulceration; atrophy, 
sclerosis and pigmentation of the skin; pigmentary 
degeneration of the cells of the brain, cord, liver, spleen, 
kidneys and heart; sclerosis of the crossed pyramidal 
tract in the dorsal portion; and degeneration of the 
column of GoU, in the median portion. 

The posterior roots usually escape. Lombroso found 
Burdach's column and the posterior roots sometimes 
aflfected. There is, generally, involvement of the mem- 
branes of the brain and cord, with much thickening. 
The abdominal viscera are usually atrophied. 

SYMPTOMS. 

Chronic Form, — The symptoms begin in spring, with 
lassitude, headache, and anorexia. The epigastrium is 
usually tense, and there may be nausea and vomiting. 
Diarrhea — serous in quality — soon follows. This may 

2. Merrill, T. C. : Sporadic Case Diagnosed as Pellagra, Thk 
Journal A. M. A.. Sept 14, 1907, xllx, 940. 
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be very severe, numbering ten to forty stools a day. 
The tongue is inflamed, red and smooth. In ten days 
to two weeks, as a rule, there develops an erythema, con- 
fined to those portions of the body exposed to the sun. 
The parts most usually affected are the backs of the 
hands; next, the backs of the hands and forearms, 
elbows, face and neck, in the order named. Those who 
go barefooted usually have the erythema on the backs of 
the feet. The back and chest may be affected, but this is 
rare. Sandwith's Egyptian cases showed the elbows and 
forearms often involved. The erythema is usually bright 
red in color, very like sunburn, and disappears on pres- 
sure, unless hemorrhagic. There are often vesicles and 
bullflB, but there is little itching and burning compared 
to the extent of the process. Generally, in two week? 
from the beginning, the erythema subsides, becoming 
brown in the center, and desquamation takes place, 
leaving a thickened, rough and brownish skin. After 
repeated attacks, the skin becomes sclerosed and pig- 
mented and finally atrophies. 

Application of salves and washes to the erythema 
does not benefit it. It seems to run a regular course, 
and if left alone, disappears earlier than if treated. 
The diarrhea is particularly stubborn, and will not yield. 
There is not the burning nor itching that is seen in 
other erythemas; for instance, genuine sunburn. 

Toward late summer, the patient begins to improve, 
and may feel perfectly well during the winter, until the 
next spring, when a recurrence takes place, with greater 
or less severity. 

After the third recurrence, the patient usually becomes 
much emaciated; diarrhea increases in severity, and 
melancholia, increasing to dementia, occurs. There 
may be edema and foul sweats. Paralysis of the third 
nerve and changes in the fundus oculi have been ob- 
served. There may be epileptiform convulsions, paresis 
of extensors, and paralysis of the bladder. The knee 
jerks and all reflexes are much increased early in the 
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disease, but toward the end they arc either diminished 
or abolished. There is no albuminuria as a general 
rule, and ankle clonus is rare. Blood changes are iin- 
important. The disease lasts five years, on an average, 
but may be prolonged fifteen years. 

Acute Form. — This begins with pain in the epigas- 
trium, headache, nausea and vomiting. This is followed 
by a severe diarrhea and stomatitis. The stools are 
often bloody, and occasionally there is bleeding from the 
gums and tongue. The patient emaciates rapidly. The 
erythema follows the same course as in the chronic form. 
There is some elevation of temperature, but not higher, 
as a rule, than 102 F., usually ranging between 99 and 
101 P. There is delirium and a typical t^-phoid course, 
which usually ends in death in ten days or six weeks. 
I have never seen a patient recover. 

I have ten cases of pellagra to report ; three of these 
are of the chronic form, and seven of the acute. 

CHRONIC CASES. 

Case 1. — Patient. — Miss L., white, aged 45, American born, 
family history negative. 

Hiaiory. — ^The patient had enteric fever at 20 years of age, 
and malaria several times. She has never been strong, but 
fairly healthy as a rule. She does not use alcohol, and there is 
no history of syphilis. She uses snuff, moderately. During 
March, 1907, she had headache and some distress in the 
epigastrium, and vomited occasionally. This was soon fol- 
lowed by a severe diarrhea, which was painless, and serous 
m quality. She became much emaciated and very weak. In 
early part of April an erythema developed on the backs of 
hands and lower part of forearms. This was much like sun- 
bum. Very soon a few bulls and vesicles formed. There was 
very little burning or itching. 

Eafamination. — ^The patient's tongue was red, smooth and 
painful. Her temperature was normal; pulse 100 to 120. 
The heart and lungs were negative; abdomen flat, and nothing 
abnormal on examination. The pupils were equal and reacted 
to light and accommodation. The reflexes were much exag- 
gerated, and there was no ankle clonus. Urine contained 
neither albumin nor sugar, but an abundance of indican. 
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Examination of the blood revealed a well-marked secondary 
anemia, no abnormal cells, and absence of leucocytosiB. 

Course of Disease. — The erythema persisted for three weeks; 
then the skin became much thickened, with a brown hue, and 
exfoliate<1, leaving a rough, thickened brown skin beneath. 
The diarrhea continued through the summer, during which time 
the patient was very 'weak, and became much emaciated. She 
was much depressed, and cried often. In October, 1907, she 
seemed perfectly well. In April, 1908, she had a recurrence. 
She is now in the country, and her symptoms are much more 
severe than they were in the original attack. 

This patient lived on a farm with a niece. Her com supply 
gave out in December, 1900. She bought com elsewhere, and 
used this during the winter and spring. Her niece, who lived 
with her, did not eat corn in any form, but patient did so 
daily. An examination of this com showed that it was unfit 
for food. 

Case 2. — Patient, — ^^Mrs. D., widow; aged 56; American 
born, family history negative, except that one brother had 
tuberculosis. 

History. — ^The patient was never a very strong woman, but 
had no sickness of note. She never usd alcohol and had no 
syphilitic history. She felt bad during Febmary, 1907; was 
often nauseated, and had no appetite. A severe diarrhea 
began in March, 1907, and was accompanied by stomatitis, the 
tongue being especially painful. An erythema confined to the 
backs of the hands developed in a few days. This was like 
sunburn, and there were a few bulla and vesicles. She was 
much emaciated, and starved herself because of diarrhea. 

Examination. — ^The patient's temperature was 98.4, pulse 
110. Heart and lungs were negative; the abdomen was fiat, 
with some tenderness on pressure. The abdominal viscera were 
negative. The urine contained neither albumin nor sugar, and 
blood showed secondary anemia. 

Course of Disease. — ^The erythema subsided in a month, 
leaving a brownish, thickened, rough skin. The patient had 
diarrhea continuously until September, 1907, when she im- 
proved, gained fiesh, and diarrhea subsided. During the win- 
ter she seemed well, with the exception of some mental depres- 
sion at times. In March, 1908, recurrence took place, but was 
not so severe as the original attack. The diarrhea was not so 
severe, but stomatitis more so, the tongue being especially 
inflamed, red and smooth. The erythema was confined to the 
backs of hands as in the original attack, and was never red. 
but was brown in color from the beginning. The skin exfoli- 
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ated, leaving the backs of hands brown, smooth and atrophic 
in appearance. The patient was much depressed mentally and 
showed some evidence of melancholia. The reflexes were much 
exaggerated and there was some spasticity about her gait. 
There was no elevation of temperature, and the pulse was 
00. Examination now showed that the abdomen was negative, 
and heart and lungs the same. The urine was diminished in 
quantity, but contained neither albumin nor sugar. There was 
some anemia. 

This patient's chief diet was com bread and grits, a sample 
of which could not be procured. 

Case 3. — Patiefit. — Mrs. W., aged 36; American bom. Fam- 
ily history negative. 

Bistory, — The patient was always healthy, up to March, 
1906. At that time she had epigastric pain, headache and 
nausea. This was followed by a severe diarrhea, serous in 
character. In April an erythema developed on the backs of 
hands and forearms; it looked like sunburn, and was ac- 
companied by vesicles. The patient was sick all summer; 
apparently recovered in October, 1906, but relapsed in the 
spring of 1907, having the same symptoms as in original 
attack, except in a severer form. She again apparently re- 
covered in the winter of 1907, but again relapsed in March, 
1908, at which time I saw her, with Dr. T. M. Green. 

Examination. — ^The p&tient was now much emaciated and 
had a severe diarrhea. Her tongue was red, smooth and very 
painful. On the backs of hands and forearms, over and below 
each eye, on each side of back and front of neck, there was the 
evidence of a subsiding erythema. This condition was also 
evident on the under surface of forearms and on elbows. The 
skin was very brown over these areas, and in some places 
almost black. It was rough and much thickened. Erythema 
appeared only on face and neck during this recurrence. The 
patient had dementia, preceded by much mental depression. 
Her reflexes were much exaggerated, and sense of pain and 
temperature much retarded. There was slight ankle- clonus, 
and pupils responded sluggishly to light and accommodation. 
The heart and lungs were negative. The abdomen was flat, 
with some enlargement of the spleen. The blood was negative. 
The urine contained albumin and casts. 

This patient died May 19, 1908. 

She had eaten com bread daily and grits occasionally; n 
sample could not be obtained. 

Autopsy. — ^The liver and kidneys appeared atrophied. The 
spleen was slightly larger than normal. Microscopically there 
was fatty degeneration of liver and kidneys, and extensive de- 
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generation of the posterior and lateral columns of cord. The 
spleen and adrenals appeared normal. The brain and different 
levels of cord were not examined. There was some thidoening 
of membrane of brain and cord. 

ACUTE CASES. 

There were seven acute cases. Three patients were 
colored and four white ; they ranged in age between four 
and forty years. They were all in apparent good health 
before attack. There was no history of syphilis in any ; 
two used alcohol. One of these was a chronic alcoholic ; 
the other used alcohol only in moderate amounts. They 
were all American born. They all ate com bread and 
^rits daily. One patient had myocardial degeneration. 
His urine contained albumin and casts. This condition 
was probably due to the alcohol which he used to excess. 
This patient's abdomen and lungs were normal^ and his 
reflexes not exaggerated. An examination of the urine, 
heart, lungs, abdomen and reflexes of the other six 
showed them to be negative. The pupils of all reacted 
to light and accommodation. An examination of their 
blood showed an absence of leucocytosis, malarial para- 
sites, and bacteria of all kinds. None had the Anky^ 
lostomum duodenale, or its ova, in the stools. The 
patients were all attacked suddenly, the first symptoms 
being headache, slight fever, 100 to 102 P., and some 
nausea. There was anorexia and some gastric distress. 
All had severe stomatitis, six bleeding from the gums. 
The tongue was red, and much inflamed in each case. 

Three cases in children showed the er^'thema well 
developed on the dorsum of feet. In these cases there 
was much inflammatory edema of feet, with bullae and 
vesicles. These children also developed erythema on the 
backs of hands and forearms, over each eye, and on back 
of neck. They went barefooted. One of the other four 
patients had erythema on the backs of hands and fore- 
arms, elbows and back of neck. In the other three, the 
er}' thema was confined to the backs of the hands. Eryth- 
ema was symmetrical in all cases. All the patients had 
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diarrhea. In four cases, it was very severe, numbering 
thirty to forty stools a day ; in two, about fifteen stools 
per day ; and in one, three to eight stools. In two cases^ 
stools always contained blood in abundance, and in one 
case, occasionally. The diarrhea in other cases was 
always serous in quality. 

The erythema at first could not be differentiated from 
sunburn, but in a few days the skin became livid and 
vesicles developed. The skin gradually thickened, lost 
its angry look, and in two or three weeks, all erythema 
had disappeared, leaving a brownish red and thickened 
skin. In those cases which lasted only ten days, these 
changes could not be seen. 

There was delirium in six cases, and in three it was 
well marked, for it was necessary to hold the patients in 
bed forcibly. The chronic alcoholic was not delirious, 
and diarrhea was not severe in his case, yet the erythema 
and stomatitis were particularly severe. 

After a few days or a week, temperature was either 
normal or not above 100 F. In six cases there was 
gradual emaciation, loss of strength and development 
of stupor. The patients gradually passed into the ty- 
phoid state with delirium, carphologia and finally death 
from toxemia. 

All these patients died. Three lived six, eight and 
ten days, respectively. One lived three weeks, two lived 
a month, and one lived six weeks. Every drug thought 
indicated, including arsenic and specific treatment, was 
tried in earlier cases, but, as this treatment gave no re- 
sult, the other cases were treated symptomatically. In 
three cases autopsy was made, except on the spinal cord 
and brain, and nothing abnormal found. It was impossi- 
ble to examine the nervous systems. Postmortem was 
refused in other cases. I am sorry tliat I can not report 
the pathologic changes in these cases, but circumstances 
prevented it. That we have genuine pellagra in the 
South I am sure, and there is no doubt in my mind that 
the above were genuine oases of the disease. 
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DISCUSSION. 
Db. William S. Thateb, Baltimore: It is important that 
the occurrence of this disease should be brought before the 
attention of the Section. It is probably true that there are 
many cases of pellagra among us to-day which, like uncinaria- 
sis, have escaped notice. In a paper published by Dr. J. F. 
Babcock of South Carolina, who is in charge of the State Asy- 
lum, a number of cases of pellagra have been described. I am 
inclined to think that in a few years there will be perhaps 
nearly as many reports of cases of pellagra as there have been 
of uncinariasis after the publications of Stiles. 

Db. Johw L. Dawson, Charleston, S. C: Undoubtedly this 
disease, pellagra, exists among us and is not recognized. Since 
the paper by Dr. Babcock several cases have appeared in the 
city of Charleston and surrounding country. I have seen three 
cases, none of which would have been diagnosed had it not 
been for the publication of the paper by Dr. Babcock. 

Dr. Altbed Metkb, New York: Is it not proper for the 
state and country to take cognizance of such a disease as 
exists in and about Charleston, and to suggest certain meas- 
ures for its effacement, such as described by Dr. Bellamy? If 
some authority were Obtained, as by the national Food and 
Drugs Act, some power of controlling this disease might be 
had. Perhaps it is more common than supposed, and will be 
more commonly recognized in the future, and something should 
be done for its suppression. I advise drawing attention to 
governmental rather than to individtuil medical efforts for the 
prevention of the spread of pellagra. 

Db. R. H. Bellamy, Wilmington, N. C: When changes 
take place in the com after its gathering, it has been gathered 
before it was mature. The meal was obtained from the com 
after the ferments had produced the condition. Many believe 
this disease to be due to a specific organism; but if this were 
so the com and meal could not be the source of infection, for 
these foods are always cooked two hours, and any organisms 
which they might contain would be killed. We have reported 
these cases to the State Board of Health, and are now pre- 
pared to go before the State Board of Agriculture. We have 
obtained the consent of the farmers to study the disease, and 
the farmers have been asked to be more careful in gathering 
the com. 1 have no doubt that there are one hundred cases 
occurring every year that are not recognized. I myself see 
from twelve to fifteen cases every year. Although the dis- 
ease was not seen or at least not recognized in my part of 
the country before 1903, there are certainly plenty of cases 
there now, and generally of the acute type, that is, there are 
more of the acute than of the chronic form of pellagra. 
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PKOMINENT SYMPTOMS IN THE DIAGNOSIS 
OP GASTRIC AND DUODENAL ULCEBS. 



CHRISTOPHER GRAHAM, B.S., M.D. 

BOCHESTEB, MINZf. 



The accurate differentiation between duodenal ulcers 
and ulcers of the pyloric end of the stomach offers 
great di£Sculties. When a physician follows his patients 
from, the examining room to the operating table he is 
forced to the conclusion that to locate a peptic ulcer is 
not only diflScult but often impossible. 

In reyiewing the symptoms and diagnostic features 
of peptic ulcer I shall take the duodenal as the type. 
What holds good for duodenal ulcers, holds equally 
good for all ulcers situated in the pyloric end of the 
stomach. The chief difference arises from the degree 
in which the characteristic symptoms are manifest. 

In this discussion I wish to emphasize but four points 
that seem to stand out prominentiy and clearly in the 
larger number of cases: First, the periodicity of at- 
tacks of gastric and duodenal ulcers. Second, the num- 
ber of years through which these attacks and intermis- 
sions or remissions have run before surgical relief has 
been advised, or perhaps accepted. Third, the char- 
acteristics of pain, its great diagnostic significance and 
its place in differential diagnosis. Fourth, the ready 
control of all symptoms during the period of attack by 
the measures that control pain — as food, alkalies, irri- 
gation, and vomiting. 

PERIODICITY. 

The periodicity of attacks is so constant and striking 
a feature of ulcer of the stomach and duodenum that 
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one can not but have in mind this lesion when the 
patient complains of repeated attacks, each covering 
days, with an intermission of normal healtli of vary- 
ing time. The onset of symptoms is often initiated 
without discoverable cause, appearing suddenly and 
continuing without interruption for days, weeks, or 
even months, each day a repetition of the former, each 
meal producing about the same effect; first, ease — later 
followed by the usual syndrome of pain, or burning dis- 
tress, gas, sour eructations and vomiting of sour mouth- 
fuls of varying quantities, all these being at their worst 
from two to five hours after a meal. 

Following this period of attack comes an intermis- 
sion of days, weeks, or montlis, appearing, often, as un- 
accountably and as suddenly as did the distressing 
s3rmptoms. These attacks recur at irregular intervals 
for years and continue for varying periods, increasing 
in intensity perhaps but slowly, the intermission short- 
ening, until finally, the patient may fail to reach at 
any time that complete ease of previous years. Early 
in the period of disturbance and often for years, the 
interval is one of perfect health and, after the symp- 
toms have disappeared, the patient soon reaches his 
normal condition. Yet again, it may be only a partial 
remission; the patient never quite attains normal, or 
his '^good days" may be only days of moderate ease. 
The appetite is usually good until complications have 
changed the character of the symptonus, at which time it 
becomes necessary to examine carefully into the early 
history in order to arrive at a logical diagnosis. 

These periods of complaint with the periods of inter- 
mission, each covering days or months, are so char- 
acteristic, that, excluding other details, this one feature 
is often sufficient to warrant a probable diagnosiB. 

However, periodicity is not of itself peculiar to ulcers 
of the stomach and duodenum. The character of the 
attack must be considered carefully. Gallstone and ap- 
pendiceal colics recur irregularly, often increase in 
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severity as attacks multiply, may, and often do appear 
suddenly and without known cause. All three have one 
feature in common; each attack is but a part of the 
usual round of trouble, and the intermission is but a 
part of the cycle. In the latter case no more than in 
the former may this quiescent period be i-egarded as 
that of cure. 

LENGTH OP TIME THE SYMPTOMS HAVE PERSISTED. 

Scarcely less prominent than the periodicity of at- 
tacks is the number of years the illness has been mani- 
fest before surgical relief has been advised, or perhaps 
should be advised in many cases, for at first most of 
these cases are medical and the conservative surgeon 
does not lay bold hands on them. 

However, as one^s experience lengthens he is in- 
clined to the belief that error is much oftener to be laid 
at the door of conservative surgery than at the door of 
aggressive surgery, and for this reason the suflferer too 
often fails to get that ready and early relief which is 
secured only through surgery. In a series of 258 duo- 
denal cases, there are but few with histories of duration 
of less than one year, and in these the symptoms were 
dear and often urgent. Usually the history shows that 
the disease has run from 5 to 20 years and not infre- 
quently to 30 and 45, the average being just short of 
12 1/2 years. Considering the facts of the long series 
of years with distressing symptoms always promising 
increase, and as years go by, with invalidism increasing, 
marked or complete, it seems strange, not that so many 
patients are urged to seek surgical relief, but rather why 
surgical measures are not advised sooner, or at least 
as soon as complications appear which indicate that the 
medical border line has been passed. 

In the series here mentioned, this history of repeti- 
tion of attacks with intermissions or remissions, to- 
gether with long years (average 12 1/2 years) of trou- 
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ble has been clear cut in about 90 per cent, of the cases. 
This should quiet the most conseryative internist who 
feels that surgery is too "freely and flippantly*' advised. 

SIQNIPICANOB OF PAIN. 

Pain in gastric ulcer is the most constant symptom 
and perhaps the most characteristic in its manifesta- 
tions. Not the kind of pain> not the location of the 
pain, but the time of the pain is the distinguishing 
feature. It varies from mild distress to that of great 
intensity, and, unless complications have introduced 
great modifications, its appearance, control and disap- 
pearance, are almost if not quite the final evidence re- 
quired for a correct diagnosis. The pain appears some- 
time after meals; oftener it is as nearly exact to say 
before meals. Usually in from two to five hours after 
a hearty meal the burning, gnawing feeling begins, in- 
creasing in intensity until vomiting or irrigation has 
removed the acid-offending material. Food eases the 
pain, the heartier the meal the longer the relief. Espe- 
cially is this true in the history of duodenal ulcer. 
Gradually, however, this relief lessens, until late in the 
history and after the patient has been long a "surgical 
case,** food eases but little. When complications (per- 
forations, adhesions, obstruction) are far advanced, food 
gives no ease and distress follows its ingestion. At this 
stage relief comes only after ridding the stomach of all 
offending material by irrigation or forced vomiting. 

The pain comes, then, in definite periods of attack; 
comes daily, or two or three times a day, during this 
period; comes from two to five hours after meals and 
is therefore premeal as often as it is after-meal in time. 
It is epigastric, radiating seldom to other areas, and, 
except in the later stages is relieved in part, at least^ 
by food, drink, alkalies, vomiting and irrigation. The 
kind of pain depends on the pathologic condition. It 
may be burning, gnawing, lancinating, boring— cutting 
(apple-core sensation) or the felling pain of perforation. 



Digitized by LjOOQIC 



123 

Locatmg an ulcer of the peptic tract from the area 
of pain as given by the patient is perplexing and often 
very nncertain. Most of the pain is epigastric^ let the 
lesion be where it may, but the lower the lesion, the 
oftener is the sensation of pain to the right of the me- 
dian line, and some ulcers, especially the duodenal 
variety, give characteristic findings. The longer food 
gives comfort, other things being equal (as duration of 
time of disease, extent of trouble, obstruction, etc.) the 
farther down is the tdcer situated, so that in duodenal 
ulcer, especially in the early days of its history, food 
gives relief for a longer time than when the tdcer is 
located higher, i. e. in the stomach proper. Following 
this period of ease, the characteristic ulcer symptoms 
return, of gnawing, boring even to extreme pain, with 
gas, sour eructation, vomiting of various amoxmts and 
intensity, dependent on obstruction and extent of lesion. 

There is, however, a pain of the cardia comparable 
to the boring of a bared apple core, very distressing, 
foreboding and sickening which may be present when 
the lesion is purely pyloric or duodenal, and is doubt- 
less present at times when acidity is high but purely a 
functional disorder or due to dietetic error. This pain 
is brought about by reverse gastric peristalsis, acidity, 
ulcer, then spasm of the pylorus followed by reverse 
peristalsis. If the sufferer belches or vomits with dif- 
ficulty the annoyance amounts to real pain, and fear 
of cancer is prominent. These pains come in wave 
periods of a few moments, and relief follows suddenly 
and completely at each wave if gas and sour eructation 
be copiously raised, or the pain gradually recedes to 
almost quiet, if belching, eructation or vomiting is im- 
possible. These wave pains repeat until the stomach 
is relieved by measures that empty it, or they yield 
readily to sufficient alkalies. 

It is seen, therefore, that difficulties arise, and that 
the most careful attempts at ulcer location fail, but un- 
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til obetniction is advanced or the lesions large, the best 
evidence for nicer localization is the length of time that 
food gives relief. 

Most of the ulcers of the stomach and duodenum 
(and this is true independent of location) have a lon- 
ger or shorter spell of relief from food, until late in 
the disease, at which time the early history is neces- 
sary both for diagnosis and localization of ulcer. 

There are to-day clinicians who persist in the idea 
that if ulcer of the stomach is present, food gives im- 
mediate pain, or at any rate, no sense of comfort even 
for a short time. This is not true in the great ma- 
jority of peptic ulcers, let the lesion be where it may. 

The great number of ulcers are in the pyloric end, 
and in this region the symptoms are usually typical 
until complications arise. We then have to consider the 
conditions that alter the character of the pain. They 
are: First, large areas (saddle ulcers); second, ulcers 
well toward the cardia; third, cases in which obstruc- 
tion is advanced; fourth, hour-glass stomach; fifth, 
perforation ; sixth, adhesions to the gall bladder or other 
organs when these adhesions cause obstruction, immo- 
bility, or deformity. In many of the above conditions 
the pati'ent rarely has any perfect relief, and if there 
is a brief period of relief it is so soon followed by great- 
ly exaggerated distress that the interval of ease is loet 
to most of them. 

CONTROL OP SYKPTOKS. 

All symptoms are usually controlled by the mea^res 
directed toward pain. When pain is at its highest, so 
also is gas, eructation and vomiting. By removing, 
neutralizing or engaging the acid in the process of 
digestion, the pain stops, gas no longer forms, vomit- 
ing and eructation cease and the patient enters a period 
of calm, to return to his former distress sometime 
later. The degree of discomfort depends on the extent 
of the lesion, the kind of food taken and the care in its 
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mastication. Until complications (obstruction^ per- 
foration, adhesions) have advanced, the pain and other 
symptoms seem chiefly due to increased acidity and 
spasm. Beverse gastric peristalsis adds to the discom- 
fort Later^ when complications enter for consideration, 
the real symptoms are obscured, and the physician is 
often obliged to grope in the dark for an exact diagnosis, 
unless the patient has a judicial mind and can relate 
accurately his earlier symptoms. 

Again, the course of ulcer, like cancer, may be long 
latent, and be diagnosed only when some threatening 
symptom like perforation, suddenly prostrates the 
patient. If the perforation is not complete, or if only 
a small amount of septic material escapes, the pain may 
be of short duration, but intensely sharp and lancinat- 
ing, simulating so closely gallstone colic that such 
diagnosis is the only logical one to make. If the per- 
foration is free and the fluid septic or large in amount, 
the pain is much more intense than in gallstone 
colic. There is exceeding great shock, much morphin 
is required to control the symptoms, and early the ap- 
pendiceal region will be the center of the pain. Later, 
if the patient survives, the pain will creep to the duo- 
denum and gall-bladder area. Under such conditions 
one should think of perforating ulcer rather than gall- 
stones or appendicitis. 

When, therefore, there are attacks of stomach trou- 
ble that run in continuous periods of days or months, 
with intermissions of days, weeks, or months with more 
or less freedom from symptoms, these periods recurring 
and occurring over years of time gradually deepening, 
the symptoms bearing close relation to food and being 
controlled or modified greatly by dietetic measures, food, 
drink and alkalies, we may justly look for ulcer of the 
stomach or duodenum in a large number of cases. 

Purely functional h}'peracidity may give symptoms 
difficult or impossible to differentiate from early ulcer. 
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Appendicitis and more often cholecystitis may run a 
train of symptoms that will mislead the most painstak- 
ing clinician^ but these cases are as purely surgical as 
are iypical ulcer cases. Comprehensive surgery finds 
the source of the trouble and relief is the result 
If a mistake is made it should be that of diagnosis 
only. 

DISCUSSION. 

Db. William J. Mato, Rochester, Minn. : Acute ulcer is not 
of itself a surgical condition. It is only when such complica- 
tions as perforation, hemorrhage, or obstruction occur that 
the physician should call the surgeon. In regard to chronic 
ulcerations, while the improvement between the attacks, 
which may last for days, weeks, months and even sometimes 
for years, is not by any means complete, it is sufScient to give 
the internist a wrong idea in regard to the cure of the patient, 
just as in the early days of appendicitis or gallstone disease. 
The surgeon considers chronic ulcers only those ulcers with 
thick callus which can be demonstrated to the bystander 
within a distance of six or eight feet from the operating table. 
As a result of operations it has been shown that chronic 
ulcers are more frequent in the duodenum than in the stomach, 
and that at least two patients out of three operated on are 
males. I do not believe that a large percentage of these 
patients with chronic ulceration will recover permanently 
under medical treatment. The preoperative stage depends 
largely on the length of time the patients are able to get 
along on a reduced selected diet; but among the laboring peo- 
ple one must face the conditions as they exist. The patient 
must not be cared for medically too long and made to live 
on insufficient food and ill-prepared food, such as his situa- 
tion in life affords. Such a patient is disabled when living 
on a restricted diet, and can be restored to his full capacity 
for work only by enabling him to live on what he is able 
to pay for, and to do this operation is often necessary. In 
187 resections for cancer of the stomach 54 per cent, of the 
cancers originated in ulcers. This does not mean, however, that 
most ulcers undergo cancerous degeneration. Gases with a 
long history of ulceration more often result in obstruction on 
the development of cancer than primary malignant disease of 
the same stage, and it is this early obstruction and not the 
cancer itself which sends the patient to the surgeon. Chronic 
ulcer existing over a period ol years is, however, a grave 
menace to the patient because of the possibility of malignant 
disease grafting on ulcer base. Many people suffer severely 
from symptoms that may point to ulcer for which they have 
received no relief; these patients pass from one physician to 
another, to quacks and "patent -medicine" vendors. In a 
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number of such cases one-half wul be non-surgical and can be 
placed in three groups, namely, cases of atonic dilatation, 
eases of prolapse of the stomach and cases of gastric neurosis. 
In examining cases of atonic dilatation on the operating table 
one finds no obstruction and the wall of the stomach is quite 
flaccid. Apparently it has not sufficient power to push on the 
food. Atonic dilatations are not often benefited by surger}-. 
In cases of prolapse of the stomach the a;-ray plates look like 
works of art when bismuth is used to map the organ out. Such 
a prolapsed stomach, however, empties itself quickly; there are 
no mechanical conditions acttuilly present. I do not know the 
definition of gastric neurosis. Some of those cases called 
neurotic years ago have since been relieved of gallstones, 
appendicitis, etc., and in the future more will be relieved. 
This **I do not know" group is a large one. The picture is 
that of a patient with gas, changing secretions, dyspepsia, 
indigestion, and the stomach will be found thin- walled, di- 
lated, and the duodenum and pylorus dilated as well. It is 
said that many of these cases are due to pressure of the 
superior mesenteric vessels on the third portion of the duo- 
denum; but this has not been found true on exploration; as 
a rule the jejunum and transverse colon are also dilated. At 
any rate they should not be subjected to operation. In the 
Above series, one-half of all the stomach cases that come to 
us can be placed. 

The remaining one-half of apparently serious gastric dis- 
eases belong to the surgeon. One-fifth are cases of gastric 
cancer; the internist has no business with them. One-fifth 
are cases of chronic ulcer, and the majority of these belong to 
the surgeon. Two-fifths are made up of a peculiar and most 
interesting group of cases in which ulcer has been suspected, 
but could not be demonstrated on exploration. Gastroente- 
rostomy has occasionally been done and found to be harmful. 
Later these patients have been found to be sufi'ering from gall- 
stones or an infiamed appendix, tuberculosis or tumor of the 
intestines, etc., giving rise to the stomach trouble. The em- 
bryology of the intestinal tract explains this; the maintenance 
of the body is a primitive function which existed before the 
development of the nervous system. The cerebrospinal system 
does not control the primitive function, which is still cared 
for by the internal secretions, etc., which cared for it before 
the nervous system developed. The acid in the pyloric end 
of the stomach controls the output from the stomach. The 
addity in the duodenum is the more powerful and controls 
the opening and closing of the pylorus. The stomach in the 
storage end is a later evolution and a convenience, enabling 
its possessor to place rapidly a quantity of food into this 
receptacle for the slower process of digestion, but its control 
is vested in the parts to be convenienced lying beyond the 
pylorus, which have the work to do, all derivatives of the 
midgut. Therefore the control of the pyloric apparatus lies 
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not in the stomach itself, not in the cerebrospinal system, but 
in the intestinal tract lying beyond the pylorus and between 
it and the splenic flexure of the colon, which marks the be- 
ginning of the primitive liindgut. Therefore, gallstone dis- 
ease, appendicitis, tumor and disease of the intestinal tract 
cause closure of the pylorus, and symptoms referable to the 
stoDoiach arise which in our ignorance we have hitherto treated 
as diseases of the stomach. The cases comprised in the re- 
maining fifth are surgical, but not fully worked out. 

Dr. Fenton B. Turgk, Chicago: In carrying out experi- 
mental research on dogs I have found it necessary to see the 
opened abdomen and the evidences of ulcer in order that I 
might know that the feces used in investigation were actually 
from an ulcer case. Therefore, the observations of the, find- 
ings, in connection with the symptoms in these cases, have 
given me some idea of the existing relations and I have not 
yet found that the clinical symptomatology of the patient 
helps a great deal in diagnosis. I have seen a great many 
cases of ulcer of the stomach without any symptoms of pain 
whatsoever; I have seen cases of hypoacidity and coses of 
total absence of hydrochloric acid (achylia gastrica). Like- 
wise in experimental animals with induced ulcer more fre- 
quently no evidence of pain can be elicited by pressure and 
there is frequently no increase of acid in the stomach — often 
a greatly diminished amount. In the patient the feces many 
times show no evidence of hemorrhage, no occult blood. These 
conditions I have found paralleled in the dog. 

The general or systemic condition of the patient permitting 
ulceration to take place has not been presented sufficiently. I 
think that the emphasis placed on a local condition does not 
represent the true pathology of ulcer. Ulcer of the stomach 
is not found in those countries where the inhabitants eat 
rice. It is evidently a meat-eater's disease; the zone of ulcer 
is in the meat-eater's zone. Ulcer is not found among the 
natives of China, Japan or India, except in the seaports, which 
the foreigners have brought into the meat-eater's zone. Cer- 
tain observations which I made with extract of meat and the 
colon bacillus to determine the etiology of ulcer were tabu- 
lated over a period of ten yc^ars. The attempts made on the 
local mucosa to produce ulcer were negative, while those made 
in the feeding experiments were positive. I was able to induce 
numerous ulcers in the duodenum at a point just beyond the 
pyloric region, and also in the stomach, with perforation and 
chronic ulceration. The question is, How does the ulcer be- 
come chronic? In the production of the acute ulcer I found 
the autolysis to be continuous and at times anaphylaxis, with 
uo round-cell infiltration ( chemotaxis ) ; but in the making of 
the chronic form, by carefully adjusting the feeding experi- 
ments so as to bring about an alternate mild anaphylaxis and 
chomotaxis. T prodnood a condition resulting in the chronio 
ulcer. 
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Dr. John M Allen, Liberty, Mo.: In 1872 I made po^t; 
mortem examinations of two patients, male and female, whp 
died from peritonitis, the result of perforating ulcers in the 
duodenum. These were typical cases of the so-called dyspepsia. 
The postmortem made a deep impression on my mind; hence- 
forward I carefully examined every case of dyspepsia that 
fell under my observation either in my private or clinic prac- 
tice — the clinic practice began in 1881 at the University Medi- 
cal College at Kansas City, Mo. — ^until, I think, I well estab- 
lished the clinical symptoms of chronic inflammation and 
ulceration of the duodenum which, to my mind, explained 
many cases of the so-called dyspepsia, catarrh of the stomach 
and so-called stomach diseases, not including the neurotic 
functional diseases of the stomach. I made a careful study of 
organic diseases of the stomach, particularly that of ulcer, i 
found eighty-six cases of chronic inflammation and ulceration 
of the duodenum and one case only of ulceration of the stom- 
ach. The number of patients examined was over five thou- 
sand. In 1878 I read a paper before the Clay County (Mis- 
souri) Medical Association on the subject of ulceration of the 
duodenum as compared with ulceration of the stomach. In 
1884 I published an article on this subject in the Aesoulapiaaiy 
Kansas City, Mo. 

The above statement is made as a basis for my objections to 
some points in Dr. Graham's paper. The symptomatology, 
etiology and pathology of ulcer of the stomach and ulcer of 
the duodenum differ widely. 1. Symptomatology: Pain is a 
prominent symptom in ulceration of the stomach, but not ii^ 
the ulceration of the duodenum. Hemorrhage is a diagnostic 
symptom in ulceration of the stomach, but not in ulcer of the 
duodenum, in which it rarely occurs. While both are accom- 
panied by progressive emaciation, this symptom is far more 
pronounced in duodenal ulcer because of the function of th^ 
duodenum. I have not observed the periodicity or remissions 
referred to by Dr. Graham in either of the diseases. Tlie 
changes in symptomatology have always appeared to me to b^ 
the result of errors in diet. 2. Etiology : Ulcer of the sioja-y 
ach is the result of embolism, thrombus or arteriosclerosis o| 
branches of the gastric artery. In thirty-eight cases of aoute 
gastritis, some of which involved the submucous membrane,. I 
did not see a single case of ulcer following, whereas ulcer of 
the duodenum results from extensive burns, acute inflamma^ 
tion of the organ, any of the neuroses of the stomach attended 
with hyperacidity, the extension of inflammation from any 
of the mucous inflammations of the alimentary tract, dyscu' 
tery, typhoid fever, etc. 3. Pathology: There is not much 
difference in the character of the ulcers in each organ, hut 
wide difference in the number of ulcers. There is rarely more 
than one ulcer in the stomach, whereas from three to six or 
eight may occur in the duodenum. While it is true that post-s 
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mortem inveetigation demonfitrates that ulcer of the stomach 
may heal, yet the danger of perforation is 80 great that it is 
imperative to rcBort to surgery as soon as a diagnosis is made. 
I have no faith in internal medicines as a curative agent in 
ulcer of the stomach. In cases of duodenal ulcer, internal 
medicine can do great good, provided we control the physio- 
logic function by giving only food that the stomach can digest 
and assimilate and administer intestinal germicides and reme- 
dies to control the reflex irritation of which the duodenum in 
the abdominal center. 

Accepting the theory that intestinal ulcers may change to 
cancerous structures which, in my observation, occurs more 
often in the duodenum than in the stomach, I hope to hear 
Dr. Mayo soon announce the point at which internal medicine 
in the treating of chronic inflammation and ulceration of the 
duodenum shall be superseded by exact surgery. I have one 
case under observation in which jejunostomy was performed 
successfully in a case of ulceration of the duodenum. 

Db. Bebtrau W. Sippt, Chicago: There is an apparent dis- 
parity in the statistics of Robitanski, Mayo, Moynihan and 
others, in regard to the relative frequency of uJcer of the 
duodenum. I believe that the disparity can be explained 
thus: Duodenal ulcer is relatively more severe than gastric. 
The danger of perforation and hemorrhage is greater and the 
symptoms are more striking and more severe; as a result 
these cases appear before the surgeon more frequently than 
do the cases of gastric ulcer, which heals under treatment, or 
under no treatment. The cases reported by these men include 
those described as fresh ulcers. It is possible that ulcers in 
the duodenum might be overlooked; but it is not necessary to 
assume that all are overlooked. The disparity between the 
statistics of the surgeons to-day is attributable to the fact 
that the duodenum is more in the domain of surgery than is 
the stomach. 

In a given case the following should be considered: Is an 
ulcer present? What complications are present? Is it possi- 
ble that there is malignant disease at the pylorus? Is there 
obstruction at the pylorus? Are there perigastric adhesions? 
Is the pylorus open? Is the gastric secretion present? Is the 
motility of the stomach interfered with? All these points 
should be determined in a given case. Then the possible loca- 
tion of the ulcer should be made out. An old ulcer would be 
indurated. After a careful analysis one should be able to 
make a diagnosis of the presence or absence of an ulcer and, 
if any complications exist, whether or not surgical treatment 
should be instituted. Surgery should be invoked when per- 
foration is present, when a carcinoma is engrafted on the seat 
of an ulcer, or when medical means have failed to cure. When 
the motility of the stomach is disturbed by perigastric adhe- 
sions or by the hour-glass constriction, one must resort to 
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operation; in certain cases of hemorrhage also. In 15 per 
cent, of the cases death occurs during the first hemorrhage. 
In 35 per cent, death occurs within twenty-four to thirty-six 
hours. Some patients could be saved by surgical interference. 
I advise against waiting. 

Db. Eluott p. Joslin, Boston: Dr. E. A. Godman recently 
published a paper in the Boston Medical and Surgical Journal, 
in which the possibility of the root of the mesentery pressing 
on the duodenum was discussed and considered as an etiologic 
factor in the production of gastric and duodenal ulcer. Dr. 
Godman's evidence was obtained by injections in the cadaver, 
observations at operation and clinical studies. In animals the 
mesentery hangs vertically, so that there is no obstruction, 
but in human beings in the erect position the mesentery hangs 
along the spine and thus could easily compress the duodenum 
where it crosses it. Statistics on sex and age in gastric ulcer, 
I believe, should be modified. It is commonly considered that 
gastric ulcer occurs more frequently in women than in men, 
and particularly of women of the chlorotic type. During the 
past few years chlorosis has become a rather rare condition. 
Coincident with the diminution in cases of chlorosis it is a 
question whether there will not be a simultaneous disappear- 
ance in the disparity of the preponderance of gastric ulcer in 
the female sex. 

Db. G. W. McGasket, Fort Wayne, Ind. : The point brought 
out by Dr. Graham as to the extreme chronicity of the disease 
should be recognized. I have seen in consultation a very severe 
ease of hemorrhage which proved to come from a gastric ulcer, 
and in getting the history the fact was brought out that the 
first attack had occurred twenty-five years ago. During this 
interval of twenty-five years a number of attacks had 
occurred. Another patient seen seven or eight years ago 
had a distinct palpable tumor, and the question arose whether 
it was a cancer of a gastric ulcer. The diagnosis was made 
of an ulcer. The patient is alive and well to-day. I am in- 
clined to believe that we should attach considerable value to 
the time of the appearance of pain in making a differential diag- 
nosis between gastric and duodenal ulcer. When food passes 
from the stomach into the duodenum, then pain was supposed 
to occur in cases of duodenal ulcer, and I attach much diag- 
nostic importance to this point. 

Dr. Mayo, in his discussion of acute gastric ulcer, spoke of 
hemorrhage as being an indication for surgical interference. I 
understand that surgical interference in cases of acute hemor- 
rhage is a most hopeless proposition. The great difficulty in 
to find the bleeding point. The best treatment, in my opinion, 
would be rest, and not surgical interference. Carcinomatous 
degeneration of the ulcer, cancer, might occur In these indur- 
ated ulcers and they should be excised whenever possible, 
flastroenterostomy should not be done in these casen. 
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Db. Judson Daland. Philadelphia: In chronic ulcer, the 
one requiring surgical interference, we are often deceived by 
an apparent recovery — an important point for the internist to 
consider. A few months ago I had a patient under my ob- 
servation who presented symptoms of ulcer, but he apparently 
recovered. In spite of the fact that no symptoms existed, an 
operation was performed and an indurated ulcer found. There 
are many such cases of latent ulcer that call for surgical in- 
terference. I recall another patient who died from an initial 
hemorrhage. This case was looked af cer by a skilled specialist 
who thought the patient was cured of his ulcer, as there were 
but few dyspeptic symptoms. The patient was on his way 
aroimd the world when he was suddenly taken with a hemor- 
rhage and death quickly followed. At autopsy a gastric ulcer 
was foimd. The point that I wish to emphasize is that there 
are many cases of chronic gastric ulcer diagnosed as acute 
ulcer, the symptoms appearing for a brief time only, but the 
ulcer remaining for years. 

Db. M. Milton Pobtis, Chicago: The dangers of gastro* 
enterostomy are so great that I believe that one should hesi- 
tate a long time before advising such an operation. Two 
years ago I published a paper in the Annals of Surgery, in 
which I had collected both the medical and surgical results 
following a gastroenterostomy. I had been stimulated to do 
this because of a few cases that fell under my observation. 
There is no doubt at all that serious dangers follow gastro- 
enterostomy. Jejunal ulcers occur and severe diarrheas which 
lead to death. There are many other disturbances. Pawlow's 
and Starling's work throws much light on the disturbances 
noted. But the strictest indications must be present before 
one should resort to surgical interference. In case a medical 
man did not want to attend the case alone, let him call in the 
sturgeon in consultation and thus reduce the danger. 

Db. Chbistopheb Graham, Rochester, Minn.: In differen- 
tiating between gastric and duodenal ulcer a good point is 
that in duodenal ulcer the food gives relief for a longer time. 
The degree of acidity, rather than the length of time the 
symptoms have been manifest, determines the severity of 
attack. The higher the acidity, other things equal, the greater 
the pain and the shorter the period of food relief. 
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A CONSIDEBATION OP THE COMPENSATORY 
DIAREHEAS. 



HEINRICH STERN, M.D. 
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The literature concerning compensatory diarrhea or^ 
as it has been more often called, vicarious diarrhea, 
iS; contrary to expectation, extremely meager. Reports 
and experiments pertaining to this subject, published 
during the last twenty years, with few exceptions deal 
with but one form of compensatory diarrhea, namely 
the diarrheal symptom of uremia, and have added very 
little to our understanding of the phenomenon. Like- 
wise, not one of a goodly number of experienced 
clinicians with whom I conferred on the question of 
compensatory diarrhea, knew a particle more than the 
text-book fact of the possible assumption of vicarious 
work by the bowels in uremia. 

Compensatory diarrhea, however, may supervene in 
manifold conditions and at various stages of a progresr- 
sive affection. In exceptional instances only will coqi- 
pensatory diarrhea be encountered as a terminal symp- 
tom. It is always symptomatic of arrest or perversion 
of the function of the skin, lungs, kidneys or the organs 
of internal secretion. Its immediate effect tends to 
systemic correction or compensation in the jnajority of 
instances and is, therefore, of a salutary nature. 

As a matter of fact, most functional diarrheas have 
a corrective tendency, so far as the bowels themselves 
are concerned, but they do not call forth a general com- 
pensatory effect. Such diarrheas may diminish the in- 
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tra-abdominal tension and relieve certain phenomena in 
a mechanical way, or they may prevent further absorp- 
tion of toxic material of ectogenous or enteric origin. 
However^ it is no vicarious function which the intes- 
tines perform by the agency of such diarrheas, and^ 
whether we characterize them as nervous, morning, re- 
frigatory, summer, winter, etc. diarrheas, they are noth- 
ing more than the unloading of more or less fluid in- 
testinal contents of non-catabolic production* 

Before entering on a consideration of the types of 
compensatory diarrhea it is necessary that the precise 
meaning of the term compensatory diarrhea be under- 
stood. I would define it as a phenomenon of varying 
degree and duration, apt to ensue and to return with 
more or less frequency in the course of systemic 
deterioration, and characterized by the diarrheal dis- 
charge of incompletely or perversely catabolized sub- 
stances, or by that of catabolic products normally ex- 
creted by other emunctories. 

This definition excludes, therefore, all the diarrheal 
eliminations of food residues and the elements elaborated 
from the ingesta which hav.e not been absorbed, and 
includes the diarrheal excretion of normal and abnormal 
products of retrograde tissue metamorphops. The 
evacuations in compensatory diarrhea, of course, con- 
sist, in addition to the catabolic material, of the acci- 
dental contents of the bowels. While by its nature a 
compensatory diarrhea is primarily always a functional 
occurrence, the catabolic substances excreted by it may 
give rise to intestinal lesions which in turn may pro- 
long or intensify the diarrhea, or may occasion more 
or less severe attacks of watery evacuations of non- 
compensatory character. Thus, we frequently encounter 
in the intestines an apparent anatomic substratum of a 
compensatory diarrhea which, however, is but the im- 
mediate result of the perverse elimination of a number 
of excrementitious substances, and therefore not the 
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cause but the consequence of the assumption of in* 
testinal compensatory activity. 

I recognize three general types of compensatory diar* 
rheas^ yiz: 

First, diarrheas which are concomitant with deficient 
or penrerse catabolic processes. 

Second, diarrheas which are the consequence of func- 
tional or structural disease of certain excretory organs. 

Third, diarrheas occurring during the period of 
physiologic systemic decline. 

The first category comprises the diarrheal phenomena 
which may accompany or are expressive of histolytic 
and histoenzymic autotoxicoses. To this belong, among 
others, the specific diarrheas of gout, exophthalmic 
goiter, Addison^s disease and diabetes. 

In gouty individuals, especially in those disposed to 
obesity, there exists as a rule a proclivity to constipa- 
tion. In the so-called rctrocedent and the irregular 
forms of the affection the paroxysms are often preceded 
by more or less fecal retention. Now, it is not uncom- 
mon that such a paroxysm be aborted, or that even 
serious interval complications be prevented, if rapid 
elimination of the offending material takes place by a 
succession of free bowel discharges. There is no doubt 
that the permeability of the kidneys is often interfered 
with in the chronic gouty state — be it on account of a 
cirrhotic condition of the renal structures or the clog- 
ging of the uriniferous tubules with deposits of urates 
or alloxur bases — ^and that the eliminative efforts on the 
part of the system may evince themselves by enforced 
intestinal activity. Although the urine contains at such 
times the usual or even an increased amount of alloxur 
bases, these, nevertheless, occur in the diarrheal feces 
in appreciably larger than normal quantities. 

Since the nucleins, the mother substances of the al^ 
loxur bases, when exhibited in the fecal matters are to 
the greater part body-nucleins, as has been shown by 
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Weintraud/ the connection between the abortive diar- 
rhea and the suppressed gouty manifestations is fairly 
well establidied.* 

Clinically, the compensatory activi^ of the bowels 
is usually demonstrable in these instances by the great 
pains and the tenesmus due to the chocolate-colored 
fecal masses laden with nuclein substances, concurring 
with a diminished amount of urine and a marked de- 
cline of vesical irritation and tenesmus. 

The peculiar diarrheal attacks of exophthalmic goiter, 
like the profuse sweatings, must be regarded in the light 
of elB^orts at compensation. Furthermore, the excessive 
secretary activity of the sweat glands and the increased 
intefstinftl function, seem not only to compensate for 
one and the same systemic deficiency, but also to exer- 
cise the specific compensatory work alternately during 
certain stages of the affection. In acute cases of ex- 
ophthalmic goiter, for instance, the sweatings are par- 
ticularly apt to be frequent and exuberant while the 
diarrheal seizures are rather uncommon and of a mild 
character. In other cases of the malady, periods of 
sweating alternate with periods of diarrhea, and it is 
seldom when protracted sweatings occur for a number 
of time^ in a day, that a diarrheal attack supervenes. 

The compensatory diarrhea of exophthalmic goiter sets 
in and terminates abruptly, and as a rule is not accom- 
panied by pain. The attack generally lasts from one 
to three days and there are normally not any more free 
alvine discharges on each day then there are individual 
sweating seizures on the diarrhea-free days. The 
evacuations are softer and decidedly lighter-colored then 
in gout. If the diarrheal period lasts for five con- 
secutive days or longer structural changes in the in- 

1. TbiB author (VerbandlDngen d. XIV Congr. f. Inn. Medldn, 
Wiesbaden, 1896), obtained from 100 gnmg dried meconlnm. In ad- 
dition to alloxnr bases, from 0.3 to 1.0 gram uric acid. He also 
points out that alloxnr bodies may be demonstrated in tbe feces 
after a nucleln-free diet (milk regimen). 

2. Hayem found in the tIIH eztenslTe uratlc deposits. 
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testines will be encountered in the majority of instances. 
Especially will this be the case when there occur 
diumally as many as twelve or more movements. Such 
pathologic changes are not the cause but the conse- 
quence of the compensatory attempt— they are com- 
plications keeping up the diarrhea beyond the compen- 
satory needs which means that the patient has entered 
a stage of active decline. The diarrhea when confined 
within compensatory limits is nearly always followed 
by a temporary general improvement. 

In Addison^s disease two distinct forms of diarrhea 
may occur; the one form ensuing toward the end of the 
affection, colliquative in character and accompanied by 
severe colicky pains and often by melena, may quickly 
lead to either collapse, or delirium, coma and convul- 
sions. It is entirely dependent on typical anatomic 
changes in the intestinal solitary follicles and Beyer's 
patches. 

The other fonxh, which is exhibited in but a small 
proportion of cases, supervenes in the earlier stages of 
the malady, and appears to be of a compensatory nature. 
In two exceedingly mild cases of the affection of which 
the one was under my observation for almost three 
years, the other for more than five years, there prevailed 
a moderate diarrhea of mushy consistency at frequent 
intervals. These diarrheas were usually followed by 
periods of systemic improvement, viz. greater energy 
and muscular resistance, diminished languor and in- 
creased appetite. Both the patients drew my attention 
to their almost unfailing general improvement after 
these diarrheal attacks. In the one patient there oc- 
curred partial reduction of pigmentation and the af- 
fection assumed a latent character; the other patient, 
apparently none the worse for the Addison's disease, 
succumbed to an intercurrent acute infectious disease. 

Diarrhea is a frequent phenomenon in diabetes. Its 
relation to the latter may be twofold — it may be a symp- 
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torn of the pathologic state underlying the diabetes^ or 
it may be a result or complication of this. Diarrhea 
as a symptom of the diabetic substratum does not intereat 
us in this consideration for it reflects only a more or 
less disturbed intestinal digestion. Diarrhea as a com- 
plication of diabetes may be due to a long-continued 
proteid-fat regimen in which case it is but an expression 
of an alimentary insuflBciency, or it may be called forth 
by the rapid transmission of certain catabolic sub- 
stances into the intestinal canal in which instance it 
may compensate for perverse plasmolytic or lipolytic 
processes. Be this as it may, there are a few indis- 
putable facts in this connection^ namely that a com- 
pensatory diabetic diarrhea takes its origin in the small 
intestines, that by its agency sugar may be excreted, 
and that during its presence and for some time after- 
ward the intensity of the glycosuria becomes markedly 
diminished or the urine may even be rendered entirely 
free from sugar.* 

It is, of course, impossible to explain how and why 
sugar has found its way into the intestinal tract of an 
individual just at the period when he is pursuing a 
rigid carbohydrate-free regimen. For granted that the 
proteid-fat diet is the cause of the diarrhea (as main- 
tained by some observers), where are the sugar-forming 
elements coming from, and why is there a synchronous 
reduction or suspension of the glycosuria? 

The occurrence of sugar in the feces, I dare say, 
should always be considered as of pattiologic signi- 
ficance. On no occasion have I detected sugar in the 
feces of diabetics whose bowels functionated normjally 
— ^I have never found it in other than diarrheal dis- 
charges. 

The diarrheal stools in diabetes, however, do not al- 
ways exhibit sugar, and I do not wish to be understood 

3. I bare repeatedly observed In diabetics that the urlnee ren- 
dered sugar-free by an attack of diarrhea are apt ta exhibit a distinct 
reaction for acetone and dlacetlc acid which, soon after cessation 
of the diarrhea, can no longer be obtained. 
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that the compensatory diarrheas in diabetes are char- 
acterized by their contents of sugar. Far from it, for 
I accept as efforts at compensation in the diabetic state 
all the diarrheas concurring with a reduction or suspen- 
sion of the glycosuria, and which are being followed 
by marked, if but temporary systemic improvement in- 
cluding the dispersion of neuritic and endarteritic 
pains. 

While it is true that diabetic ooma is generally ush- 
ered in by an acute gastrointestinal disturbance, it is 
equally true that it may be averted by a diarrhea exert- 
ing compensatory function. There would be many 
more instances of diabetic coma, and it would often 
ensue much earlier in the course of diabetes, if a 
diarrhea rendering ineflfectual the accumulated toxins 
did not supervene at the proper time. Of what nature 
these toxins are, we do not know. However, they do 
not belong to the acetone group, and the small amount 
of sugar which may be encountered in the diarrheal 
evacuations is not of toxic but of mere symptomatic 
significance. I have observed on more than one oc- 
casion that an attack of spontaneous diarrhea setting 
in during precomatose jactitation has prevented the fur- 
ther development of the coma. 

Diarrhea occurring simultaneously with glycosuric 
augmentation and exacerbation of other diabetic phe- 
nomena — conditions not infrequently called forth by 
lesions in the descending and sigmoidal portions of the 
colon — of course exhibit no systemic compensatory 
qualities. 

Of the second type of compensatory intestinal activity 
I will but mention the diarrheas following extensive 
bums of the skin and those concomitant with impaired 
or suppressed renal function. 

Injury of a considerable area of the cutaneous sur- 
face by bums or scalds always gives rise to autotoxic 
manifestations. There may be retention of urine and 
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various nervous phenomena as delirium, coma or a 
maniacal condition. The respiratory gas interchanges 
by the medium of the skin, compared with those taking 
place in the lungs, it is true, are diminutive, but a por- 
tion of such catabolic products as urea, uric acid, fatty 
acids, leucin, tyrosin, etc. leaves the organism by way 
of the integument. This is not the place to discuss 
whether or not extremely poisonous substances like hy-. 
drocyanic acid are generated in grave cases of burning, 
but it must not be forgotten that tegumentary activity 
includes also absorption of atmospheric oxygen, and 
that factors affecting the eliminative qualities of the 
skin also affect its absorptive properties. 

In my book on the autotoxicoses,* from which some 
of the foregoing is quoted, I stated that when 
the cutaneous structures fail to exhale and discharge 
effete substances normally eliminated by them, the in- 
sufficiency may be overcome by inducing the other 
emunctories to vicarious activity, and that anything 
which in the face of diminished tegumentary fim.ction 
stimulates the general excretory work of the organism 
tends to prevent or to suppress autotoxic manifestations. 

Now, inasmuch as renal activity is seriously inter- 
fered with in grave cases of burning of the skin, the 
diarrheas which then invariably supervene have to be 
looked on as compensatory in character. In many in- 
stances, the diarrheal compensation is effective either 
in averting autotoxic phenomena or, when these are al- 
ready present, in holding them in check. This fact was 
brought home to me about eighteen years ago when I 
treated a two year old child who was terribly scalded 
over the entire abdomen. When I was summoned- the 
little patient was unconscious, pulseless and the re- 
spirations were hardly noticeable. The rectal tem- 
perature was 103.5 P., and the bladder contained but 

4. "The AutotozicoBes, Their Theory, Pathology and Treatment,*' 
by Helnrich Stern, Chicago: G. P. Engelhard & Co., 1906, pp. 64, 
148 and 149. 
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a few cubic centimeters of urine. While preparing a 
hypodermic injection to stimulate cardiorespiratory 
activity there occurred a copious watery discharge from 
the bowels. This was soon followed by a second and a 
third evacuation and (the hypodermic medication hav- 
ing been applied meantime) by an improvement of 
pulse and respiration. Diarrheal discharges prevailed 
for the next three or four days after which the diurnal 
urine was excreted in nearly normal amounts. Every 
third or fourth day thereafter for a period of about 
two months there occurred watery evacuations of the 
bowels and synchronous diminution of the urine. With 
the proper care, the apparently moribund child fully 
recovered after some months. 

In grave cases of burning there supervenes occasion- 
ally a colliquative diarrhea at the foundation of which 
stands an ulcerative process in some part of the in- 
testines. Such pathologic evacuations, which still fur- 
ther exhaust the already enfeebled organism, of course, 
have nothing in common with compensatory diarrheas. 

Uremic diarrhea, as previously remarked^ is the best 
known of all compensatory diarrheas. It is probably 
not so frequent an occurrence as are other phenomena of 
uremic causation, uremic vomiting for instance, nor does 
it seem to ensue any of tener than some of the compensa- 
tory intestinal evacuations of other systemic affections. 

Uremic stools do not always present the same gen- 
eral characters; they may have a foul odor in which 
occasionally the scent of ammonium carbonate is recog- 
nizable, while at other times they are inodorous. The 
more repulsive the odor, the scantier, as a rule, is their 
amount, and the more frequent the evacuations the less 
dense is their consistency. They may be mushy, slimy 
or watery. When small in quantity the feces may be 
soft while the water together with which they are dis- 
charged from the bowels, appears to contain compara- 
tively few fecal particles. The evacuations may ex- 
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hibit light or dark coloration, not infrequently free 
mucus and but very rarely some blood. 

Specific uremic diarrheas occur much more frequently 
in chronic than in acute states of uremia, and do not 
stand in any relationship to ulcerative processes in the 
intestines. Uremic ulcers of the bowels may occasion 
grave intestinal phenomena, which are, however, quite 
different from those of compensatory uremic diarrhea. 
The evacuations which are due to ulcerative intestinal 
states are often dysentery-like, very fetid and contain 
mostly blood and tissue shreds. There is sufficient 
pathologic evidence that compensatory uremic diarrhea^, 
if continuing for protracted periods, may be accom- 
panied by pronounced congestion and catarrhal exuda- 
tion of the intestinal mucosa, but that they concur with 
ulcerative processes in the rarest of instances only. The 
cardinal etiologic difference between the two forms of 
uremic diarrhea is, that in the one the ulcerative pro- 
cess is the forerunner of the diarrheal condition* 
and that in the other the diarrhea stands either at the 
bottom of the morphologic changes of the intestinal 
mucous membrane, or that it is of s}Tichronous or al- 
most synchronous production with the latter, and the 
result of the self-same causes. 

Compensatory uremic diarrhea is probably due to 
overstimulation of the intestinal nerves by the hyperos- 
motic blood carrying the products of normal and prob- 
ably also of perverted catabolism. Whether this irrita- 

6. Fischer (Virchow'B Arch. cxxxIt, 134) and Orawltz (Deutsche 
med. Wchnschr., 1898 No. 20) maintain that uremic ulcers of the 
Intestines are the result at the Irritating action of th« nrinary de- 
composition products on the mucosa. This may be the case in ex- 
ceptional instances, ordinarily, however, the amount of ammonium 
carbonate produced during a given period and remaining in intimate 
contact with the intestinal mucosa, is too small tcr produce necro- 
biotic processes. Be this as it may, the ulceration must precede the 
discharge by the feces of the material resulting from molecular 
death. It may be possible that ulcerative conditions develop in the 
course of a compensatory diarrhea, it is more plausible, horwever, 
that in certain Instances of uremia the given factors favor the 
production of Intestinal ulcers, and that an ulcerative process ante- 
dates the colliquative diarrhea. 
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tion is caused by the altered blood in toio, or by the 
transudation per se of one or more of its constituents, 
we have no means of ascertaining. We know with cer- 
tainty, however, that the decomposition products of 
urea give rise to a local irritation of the intestinal 
mucosa which may be followed by increased peristalsis 
and diarrhea. The mucosal congestion is probably of 
simultaneous production with the diarrheal symptom in 
most instances; this, at least, is the case after infusions 
of urea and other urinary constituents into the circula- 
tion in dogs. It is possible that the hyperosmotic state 
of the blood causes irritation of the cerebral cortex and 
that this irritation, transmitted to the intestinal nerves, 
occasions excessive peristaltic activity. Again, accord- 
ing to Landois,' augmented peristalsis may be the re- 
sult of a strong irritation of the vasomotors by which 
the blood in the intestines is temporarily diminished. 

Experiments pertaining to uremic diarrhea, con- 
ducted by Hirschler^ have shown that among the 
urinary constituents which may call forth peristalsis, 
ammonium carbonate and creatin are not only very 
energetic peripheral but at the same time also central 
intestinal irritants, while urea, sodium chlorid and 
creatinin cause intestinal activity solely by means of 
peripheral stimulation. He further demonstrated that 
urea and ammonium carbonate may be looked on as 
etiologic factors of the uremic diarrhea. 

That the uremic diarrhea arising in the absence of 
ulcerative changes is truly compensatory in character 
there can be little doubt. Uremic vomiting fulfils a 
similar compensatory mission which is plainly percep- 
tible in certain advanced cases of chronic uremia when 
the ejected masses exhibit an urinous odor. This odor 
is due to ammonium carbonate and trimethylamin. 
Even the burning and dryness of the mouth and trachea 

6. Die Uraemle, 1891, p. 130. 

7. Jnbllar-Arbelten der SchOler Kor&nyi's, Pester Med.-Chlr. 
Presse, 1801, No. 30. 
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of uremic patients Senator" ascribes to these irritating 
decomposition- products of the nitrogenous urinary con- 
stituents. 

The diarrheas with compensatory tendency occurring 
during the period of physiologic systemic decline form 
the third category of my classification. Strictly speak- 
ing, these diarrheafi which comprise the diarrheal occur- 
rences of normal old age, do not form a distinct^ group 
for themselves, but belong in part to the first, in part 
to the second category. Inasmuch, however, as it is 
not one specific function or organ but the more or less 
uniform decline of the entire physiologic activity and 
of the body structures in general which stands at the 
foundation of the compensatory diarrhea, we are well 
justified in considering the diarrheas of the aged in a 
class for themselves. 

Old people are particularly prone to diarrheas, which 
are seemingly not dependent on atmospheric, alimentary, 
temperamental, occupational and localized enteric causes. 
These diarrheas become more frequent and pronounced 
the more the individual advances in age. In a certain 
proportion of instances free intestinal discharges have 
to be ascribed to structural and functional deterioration 
of the entire alimentary tract — these do not therefore 
concern us at this time — ^in other instances they are 
clearly of a compensatory nature, and this is a fact 
which has not received general recognition. 

Women are oftener subject to the diarrheas of old 
age than men. The cessation of the menses seems to 
favor a disposition for diarrhea. There are many wo- 
men who have never been affected with chronic diarrhea 
before the meaiopauae. While most clinicians declare 
this diarrhea to be of the "nervous'* type, I am forced 
to contend that a "nervous diarrhea" does not explain 
anything, and that there must be a retrogressive process 
at the bottom of these frequent watery evacuations, so 
long as the digestive and assimilative functions are per- 

8. Die Erkrankungen der Nleren. 1902. 
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formed in a normal manner and bo long as there is no 
evidence of a Btmctural alteration in the intestinal canal. 
What lies nearer then, than to assume that following 
the cessation of the catamenia there will ensue a hyperos- 
motic state of the blood and tissue fluids and that 
transudation therefrom will occur through those mem- 
branes which offer the most extended surface and least 
resistance, and these are the intestinal tissues. 

It appears that the intestinal membranes retain a 
physiologic eflBciency for a longer period than most 
other body structures. This, at least, is the case with 
their permeability which remains undisturbed, as a rule, 
long after the other emunctories have lost a great part 
of their own. It stands to reason therefore, that the 
intestinal tract of the aged has to perform more or less 
compensatory service all the time. Thevenon,*^ more 
than forty years ago, maintained that in health, when 
the general equilibrium is preserved, the products of the 
intestinal secretions are always more plentiful in the 
old than in the adult, that the internal tegument which 
is less exposed to continual external forces than the skin 
is physiologically less deteriorated than this, and that it 
is the tegument of the alimentary tract which com- 
pensates for the inactivity of the skin by removing a 
certain quantity of liquid from the economy. 

Although modem research has demonstrated that the 
external integument is not to any greater extent affected 
by ectogenous causes than the alimentary tegument, and 
although the intestines are not internal organs in the 
sense that they are intrabiontic, Th6venon's observations, 
which were mostly made at the Salpetri^re, are in the 
main correct, and may be corroborated by any physician 
whose practice brings him in contact with old people, 
especially with the inmates of homes for the aged. 

Siace there exists a functional connection between the 
external and internal tegument, it is not surprising that 
old people, who perspire rarely, are subject to chronic 

9. De la Blarrh^e chez les Vlelllards, Thftse de Paris, 1865. 
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diarrheas. Again, pulmonary exhalation is greatly di- 
minished in old age but the general systemic equilibrium 
is maintained by the compensatory action of the bowels. 

The intestinal canal is beyond doubt the most ef- 
ficient regulator of the shortcomings and disturbances 
constantly present or arising in the economy of the old. 
The compensatory action of the bowela tends to main- 
tain the osmotic equilibrium, that is the interrelation of 
the physical conditions of the various body fluids, which 
is essential for the normal performance of the vital pro- 
cesses. This interrelation does not consist in the equal- 
ity, but in the physiologic dissimilarity of the osmotic 
conditions in the different fluids of the organism, and 
it is often only by the increased function of the intes- 
tinal membranes that the osmotic equilibrium is pre- 
served and the life of the individual prolonged. 

The occurrence of an attack of compensatory diarrhea 
is nearly always a positive indication that there is no 
immediate danger for the life of the patient, and that 
terminal states like fatal dyspnea, convulsions and coma 
have been averted for the time being. Compensatory 
diarrhea is mostly a chronic condition, that is, where- 
ever an attack has once ensued it is always apt to re- 
turn. It is the frequent succession of the individual 
attacks which puts the stamp of chronicity on the com- 
pensatory diarrheas. The frequency of these attacks is 
rather a favorable omen, and the early establishment 
of compensatory diarrhea in the presence of perverted 
catabolism and insufficient excretion through the normal 
channels, let the prognosis of the case appear less gloomy. 
The elimination of all or nearly all the excrementiti- 
ous substances by the intestines is liable to cause irrita- 
tion and congestion of the mucosa — ^minor local dis- 
turbances which count little if the immediate salutary 
effect on the entire system be considered. 

Of the compensatory diarrheas, not those supervening 
at a certain period and averting a fatal issue, but those 
recurring at frequent intervals and constituting a 
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habitus dtarrhoeicus and permitting the patient to live 
in comparative ease^ are really the more important. 
However, while the fonner are known to the clinician 
the true nature of the latter is but rarely recognized 
at the proper time, and a treatment of suppression is 
instituted in nearly every instance. This interference, 
of course, is unjustified and irrational as a general rule 
and may speedily call forth a lethal termination of the 
case. Naturally, the prognostic outlook of instances 
thus treated is bad. Here is an example of such a case. 

History.— On March 13, 1908, I saw in consultation Mrs. 
Susan S., aged 47, the mother of three children. The patient 
had been affected for some years with chronic parenchymatous 
nephritis, cardiac insufficiency and renal asthma. For the last 
two or three weeks she had had frequent watery discharges 
from the bowels, causing her physicians a good deal of 
anxiety, and concurrent marked diminution of the urinary 
flow, a fact in which, strangely, they seem not to have been 
interested. The output of urine for the past forty-two hours 
amounted to 180 c.c. The patient had received preparations of 
bismuth, tannin and opium for the diarrheal phenomenon. 

Examination. — ^When I first examined her she was in a pre- 
carious condition: delirious, extremely weak, but mentally 
agitated, very dyspneic, edematous, pulse 124, arterial pres- 
sure 70 mg. Hg (Potain). 

Treatment and Result. — ^I recommended discontinuance of all 
medication and the administration of high rectal saline injec- 
tion, 1,500 c.c. every three hours. The few drugs which were 
given to the patient on the following days were mild diuretics. 
Nothing whatsoever was prescribed for the intestines but the 
carbohydrate ingesta were considerably reduced. The patient 
was kept in bed for about one week. The watery evacuations 
declined in the ratio in which the amount of the urine in- 
creased. The moment the kidneys eliminated a normal amount 
of urine w^ith a fair degree of density the diarrheal dis- 
charges ceased on their own accoimt. The patient has had a 
number of mild diarrheal attacks since for which the same 
treatment was given. It proved successful on every occasion. 
At this writing the patient is enjoying comparative freedom 
from the chronic uremic symptoms at Atlantic City. 

ComDcnsatory diarrheas of the type occurring in 
Graves^ disease permit of a fair prognosis, so far as the 
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life of the patient is concerned. Their periodical oc- 
currence may be ushered in by an attack of indigestion, 
but the benign character of the diarrhea soon evinces 
itself by the temporary diminution or abatement of a 
number of distressing phenomena. In my experience, 
colliquative diarrheas are the exception in exophthalmic 
goiter^ and anatomic changes of a pronounced degree, 
as large desquamative areas, submucous hemorrhages 
and ulcerative processes, so frequent in athyroidism and 
thyroidectomized animals, are very rare in this affection. 

This general prognostic axiom concerning the com- 
pensatory diarrheas may be put forth. So long as a 
diarrheal process continues to compensate efficiently for 
loss of function of the skin, lungs, kidneys and the or- 
gans of internal secretion, or, in other words, so long 
as most Qf the eflEete and injurious material is removed 
from the organism by the medium of the bowels, the 
patient is in a satisfactory osmotic equilibrium and there 
is little immediate danger so far as life itself is con- 
cerned. On the other hand, the pathologic or artificial 
suppression of the diarrheal discharges may give oc- 
casion to grave symptoms and even cause death, in case 
the functionally deficient organs have not regained their 
activity meanwhile. 

A true compensatory diarrhea should not be inter- 
fered with unless there is sufficient evidence that the 
localized intestinal irritation and hyperemia unduly pro- 
long the increased peristalsis. Local intestinal treatment 
should be applied in preference to the ingestion of 
medicines which have to traverse from ten to twenty- 
five feet of gut before they reach the seat of the lesion. 
Rest in bed, application of heat to the abdxmien, high 
rectal or colonic flushings with normal salt solution, and 
reduction of readily fermentable ingesta is all that is 
needed in ordinary cases of intestinal hyperirritation and 
congestion. 

Inasmuch as a compensatory diarrhea is symptomatic 
of the insufficiency of excretory function in general, it 
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indicates the points toward which treatment should be 
directed. Such treatment should tend to the stimulation 
of the catabolic processes and the regeneration of the 
eliminative qualities of the skin, lungs and kidneys. 

DISCUSSION. 

Db. George N. Jack, Buffalo: I have happened on a few 
physiologic respiratory laws not in accord with authoritatively 
established opinions. 1. Lung tissue has a glandular struc- 
ture, and performs a glandular function, serving the mortar- 
like purpose of holding the air tubes, blood vessels and lym- 
phatics in close or functionating approximation. The lungs 
actually constitute two large irregular lymphangio-pneumatic 
glands. 2. The elasticity of the lungs is not so pronounced 
as it has been believed to be, neither does it constitute the 
expiratory force given it by existing authorities. 3. Lung tis- 
sue of itself is a coarse, friable, granular non-elastic tissue 
of little resistance and easily torn. 4. The only elastic tissue 
that acts directly on the lung substance is that of the vis- 
ceral pleura, and the numerous small blood vessels or capil- 
laries that so abundantly ramify through the lung. 5. The 
lung tissue itself is practically passive during both inspiration 
and expiration. 6. Owing to the vacuum-like pull between the 
visceral and parietal pleurae, the lungs are, as it were, glued 
to the thoracic walls, from which they can not pull, and they 
are passively expanded and passively compressed by the action 
of these walls. 8. The existence of the pulmonary or lung 
blood pressure in the living subject tends to prevent the lungs 
from collapsing so readily and completely in the living subject 
as in the cadaver on admitting atmospheric air between the 
visceral and parietal pleurse. 0. The air cells,^ minus the 
numerous small blood vessels in their walls, are not elastic, 
but they are very collapsible. The air cells do not contract 
to force out the inspired air, but they are made to collapse 
partially and thus caused to shove the inspired air out. 

The normal expiratory partial collapse of the air cells in 
normal expiration is due to the pressure of the thoracic wall 
on the air cell, the recoil of the elastic visceral pleura or lung 
capsule, and capillaries of the air-cell wall, and to the ex- 
piratory changes in the pulmonary blood pressure, this blood 
pressure exerting its influence through the dense capillary 
network of blood vessels on the walls of the air cells. 

Thus a high blood pressure retards the collapsibility of the 
air cells and favors expiratory dyspnea. The immediate relief 
from the dyspnea of certain forms of asthma and emphysema 
following perforation and entrance of air through the thoracic 
wall is due largely to its anti -blood aspirating effect, and re- 
sulting pulmonary blood pressure change. 
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The apparent elasticity of lung tissue is due to a blood - 
pressure effect. The absence of blood pressure permits the 
lungs of the dead to collapse from the atmospheric pressure. 
The presence of blood pressure in the dense capillary network 
of blood vessels found on and practically constituting the thin 
walls of the air cells, is what gives to these cells of blood 
vessels or air cells an elastic effect in the living functionating 
lungs. 

The general normal inspiratory rise of blood pressure pro- 
duces an opening effect on the air cell which favors the en- 
trance of air, while the normal expiratory reduction of blood 
pressure favors a softening of the tubular or vascular air-cell 
wall and thus favors the expiratory collapse of the blood 
vessel walled air cell. Lung tissue then performs a glandular 
function, while the air, air tubes and blood vessels do the 
respiration. 
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EXPERIMENTS OX AX ASH-FREE DIET AND 
SALT METABOLISM 

WITH ESPECIAL REFEKENCE TO EDEMA IN DIABETES 
MELLITDS.* 



ELLIOTT P. JOSLIN, M.D. 

AND 

HARRY W. GOODALL, M.D. 

BOSTON. 



The role played by the inorganic salts in diabetes 
mellitus has not attracted much attention. It was there- 
fore a matter of considerable interest when Taylor^ 
noted the presence of acetone and diacetic acid in the 
urine and acetone in the breath while he was living on 
an ash-free diet. The question was thus raised whether 
the withdrawal of salts from' the diet might lead as a 
rule to the production of an acidosis in a healthy in- 
dividual or accentuate an acidosis already existing in 
a diabetic patient. We have investigated the former 
of these points during the last year and have accumu- 
lated some information bearing on the latter point. 

Two healthy students were placed on Taylor^s ash- 
free diet, consisting of the whites of eighteen eggs, 
200 gm. sugar and 120 gm. olive oil. After twelve and 
nine days respectively the chlorin excretion in the urine 
fell to 0.17 gm. Tests for acetone and diacetic acid 
in the urine were invariably negative. The results of 
these experiments showed no marked changes in metab- 
olism, but rather represented the withdrawal of acces- 
sory salts from the body. They confirmed the views of 

1. Taylor: Studies on an Ash-Free Diet, Univ. Calif. Pub.. 
Pathology, 1904, 1, No. 7, p. 71. 



Digitized by LjOOQIC 



162 

earlier writers that it is practically impossible to dimin- 
ish the chlorin of the body by more than 10 to 14 per 
cent., and demonstrated that the loss of water was pro- 
portionate to this. No remarkable symiptoms appeared 
and those that occurred were less than would be ex- 
pected from such a diet, even though it contained a nor- 
mal quantity of salts. They gave no support to the 
view that the withdrawal of salts from the diet gives 
rise to an acidosis of the acetone type. A full account 
of these experiments will be found elsewhere.^ 

Evidence against the accentuation of an acidosis by 
the withdrawal of salt (not salts) was afforded by ob- 
servations on a case of diabetes. This patient showed 
on the first few days of observation a positive carbohy- 
drate balance of 60 gm. During a febrile attack this 
positive carbohydrate balance changed to a minu/s 
carbohydrate balance of the severest degree, not only 
all the carbohydrate in the diet appearing in the urine 
but nearly all the carbohydrate as well which theo- 
retically could be formed from the protein metabolized 
in the body. On account of the severity of the case 
and the febrile condition of the patient the diet was 
of very simple character, and accidentally contained a 
very small quantity of salt. The chlorin was estimated 
repeatedly during the course of the case and on the 
fifteenth day was found to amount to but 1.7 gm. in 
twenty-four hours. Two days later it fell to 0.63 gm. 
and on the following day was 0.64 gm. Neither the 
symptoms nor the degree of acidosis, as determined by 
the ammonia, gave evidence of increased acid poisoning 
despite this low chlorin. We would not attach too 
much imiportance to these results, because the excre- 
tion of chlorin may be so variable a factor when there 
exists, as in this case, trouble with the kineys. Details 
of this case are given in the article above mentioned-.* 
In Case 135, later described in this present paper,. 

2. Arch. Int. Med.. July, 1908, I, 615. 
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diabetic coma appeared when the salt was lowered in 
the diet, but the connection between the two phenomena 
would appear to be indirect, though by no means un- 
important. Before entering further on the discussion 
of salt in diabetes, however, we wish to refer to the oc- 
currence of edema in this disease. 

The occurrence of edema in diabetes mellitus finds 
scant mention in the literature. Naunyn* says that 
edema is not a seldom occurrence in cachectic patients 
with severe diabetes, and is often an early symptom with 
patients having arteriosclerosis and myocardial degen- 
eration, with or without the presence of albumin. It 
is occasionally present without cause. He mentions one 
case in which the edema disappeared as the patient be- 
came sugar-free on a diet containing 60 to 100 gm. 
bread. It is his impression (p. 261) that arterio- 
sclerotic patients with diabetes mellitus seldom suc- 
cumb to progressive dropsy, and very seldom present 
the picture of venous cardiac failure with its signs of 
passive congestion — ^persistent dyspnea, marked cya- 
nosis, anasarca and fluid in the cavities of the body. 

Von Noorden* writes: *T[n a few cases the patients 
have developed edema during the oat treatment, 
whereas otherwise, as we all know, the diabetics rarely 
exhibit edema.'* In another place" he makes this same 
statement apply to diabetics, even in the presence of 
valvular disease. Williamson* has observed anasarca in 
more than 5 per cent, of his diabetic patients. He 
records one case in particular in which it was not as- 
sociated with albumin or cardiac or vascular trouble 
and cites Frerichs as having noted the same phenome- 
non in twenty-five out of four hundred cases. Roberts 
(cited by Williamson, p. 22) attributed the slight 
pitting over the tibiae to the atonic state of the sub- 

3. Naunyn, B. : Diabetes Mellitus, ed. 2, 1906. 

4. Ton Noorden, Carl: Diabetes Mellitus, E. B. Treat & Co., 
lOOo, p. 193. 

5. Die Znckerkrankhelt. ed. 2, 1907, p. 169. 

6. Diabetes Mellitus and Its Treatment, 1S98, p. 227. 
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cutanfiouft tissue rather than to true edema; but Ebetein^ 
ascribes it in a case of his own to the influence of the 
vascular nervous system. 

Seven of our own diabetic patients have shown edema 
of greater or less extent, although at the time they 
presented very slight or no evidence whatsoever of 
disease of the kidneys or heart. In only two instances 
did the arteries present even moderate sclerosis. Tlie 
cases were all of the severe type of diabetes. This was 
shown by the marked acidosis, minus carbohydrate bal- 
ance, and the loss of forty to forty-six pounds during 
the previous course of the disease. Four of these 
patients have since died in t}'pical diabetic coma; one 
of the remaining showed 7 gra. ammonia in the urine 
for twenty-four hours, and another 3.7 gm. ammonia. 
The edema in these patients occurred during a period 
in which there was a considerable restriction of the 
diet with a consequent fall in the excretion of sugar. 
Under such circumstances a simultaneous rise in the 
degree of acidosis was to be expected and such in 
fact took place. Along with the restriction of the 
diet sodium bicarbonate was administered either for 
the first time or in doses larger than those previously 
given. None of the patients died for some months 
after the edema was observed, although two showed dis- 
tinct, clinical, premonitory signs of coma at this time. 
A brief summary of the various cases follows: 

Case 40. — ^The patient was a woman, aged 57, whose weight 
had fallen from a maximum of 152 pounds to 02 pounds. She 
then gained 21 pounds in twenty days in the spring of 1904 
and presented edema. During this period the carbohydrates 
were restricted so that the excretion of sugar fell from a 
total of 141 gm. to 104 gm. There was a minus carbohydrate 
balance and diacetic acid was present in excessive amount. 
Sodium bicarbonate 12 or more gm. daily. There was a 
slight trace of albumin in the urine and occasionally casts. 
Premonitory signs of coma were present throughout, but 
death in coma did not take place until two months later. 

7. DIabetPfl Mellltus. Unterleibskoliken und Oedeme In ihreo 
Wecbselbeziehungen, Ztschr. f. klin. Med., 1900, xl., 181. 
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Case 70. — The patient was a man, aged 43, whose weight 
had fallen from 180 pounds to 130 pounds. He gained Sy^ 
pounds in ten days in September, 1004, and edema appeared. 
Five days before the first weight was taken there were 253 
gm. sugar in the urine, but on the last days the sugar had 
fallen to 36 gm. There was a minus carbohydrate balance which 
persisted except for a few days later when the patient be- 
came sugar-free temporarily on a protein fat diet and the 
employment of vegetable days. Diacetic acid was absent at 
first, but soon appeared with the restriction of carbohydrates. 
Sodium bicarbonate was probably given in doses of 4 to 8 gm. 
The urine showed no casts and only the merest trace of 
albumin. One year and a half later, during a period of 
strict dieting and increase of alkali, the patient told me 
that his weight rose in the course of a few days 25 to 30 
pounds and that there was general dropsy. The diacetic acid 
was then present in the urine in excessive quantities. Death 
occurred about six months later in coma. 

Case 101. — The patient was a man, aged 57 years, whose 
weight had fallen from 175 pounds to 132 pounds. He gained 
13 pounds in twenty-two days in the autumn of 1005. Edema 
was marked at the time of maximum weight, but was not 
present before. In this interval the sugar in the urine de- 
creased from 154 to 26 gm., and during the middle portion 
of the period there was a great increase in diacetic acid, and 
a minus carbohydrate balance. Sodium bicarbonate was given 
8 to 12 gm. daily. The urine was usually free from casts and 
contained only a slight trace of albumin. Death occurred in 
coma a year and a half ^ater. 

Case 132. — The patient was a man, aged 42, whose weight 
had fallen from 182 pounds to 128 poimds. He gained 4% 
pounds in ten days, November, 1907, only to lose the same 
in the following twenty-four hours. Edema was slight. During 
this period the sugar in the urine fell irom 220 gm. to 60 gm. 
and the carbohydrates in the diet were lowered in about the 
same proportion. On admission the diacetic acid was re- 
corded with a single + sign, but after ten days with ++++ 
signs. There was a minus carbohydrate balance. No sodium 
bicarbonate was given the first five days, but the latter five 
days it averaged 18 gm. There was a very slight trace of 
albumin and no casts. 

Case 164. — ^The patient was a man, aged 43, whose weight 
had fallen from 198 pounds to 132 pounds. He gained 11% 
poimds in nine days in September, 1908, showing much edema. 
During this time the sugar in the urine fell from 180 gm. 
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to 137 gm. and there was a corresponding lowering of carbo- 
hydrates. Diacetic acid was recorded as ++ at the start but 
on the last day was ++++. There was a minus carbohy- 
drate balance. Sodium bicarbonate was given, 20 gm. daily. 
There was the merest trace of albumin in the urine and no 
casts. 

Case 147. — ^The patient was a man, aged 42, whose weight 
had fallen from 185 pounds to 151 pounds. He gained 12 
pounds in twelve days in June, 1907, and edema appeared. 
During this time the sugar in the urine fell from 215 gm. 
to 51 gm. on the eleventh day, and diacetic acid increased 
from ++ to ++++. There was a minus carbohydrate 
balance. Sodium bicarbonate was given, 12 gm. daily. The 
urine showed the merest trace of albumin and no casts. Thir- 
teen months later the patient returned to the hospital in a 
much worse condition. For convenience the case will be 
discussed later, but the data are recorded here. 

TABLE 1.— Cask 147. 

Urine. Diet. 

Total 
Date Diacetic NHs Sugar Carb. NaHCOt Weight 
1908. acid. 



2/25 

2/27 -f-H-H- 
2/28 M i l 



2/29 -H-++ 

3/1 -H-h^ 

3/2 -f-H-+ 

3/3 -+-+++ 

3/4 -H-+-I- 

3/5 -f-H-+ 

3/C M M 



gm. 


gm. 


gm. 


gm. 


IbB. 


Remarks. 


6 


300 




20 






5 


118 


'92 


20 


127% 




... 


96 


92 


20 


127% 


Nausea, vomit- 
ing and threat- 
ening coma. 




113 


68 


24 


127 






149 


123 


24 


122% 






136 


108 


20 


121% 






131 


108 


20 


124% 






181 


110 


20 


128 






126 


86 


20 


132% 


Salt restricted. 




141 


86 


20 


133% 




5!^ 


166 


... 


20 


133% 


Patient allowed 
to visit a friend. 



3/7 

3/8 +++ 7 229 ... 20 133 

Case 162. — ^The patient was a man, aged 30, whose weight 
had fallen from 154 to 113 pounds. He gained 8% pounds 
in fourteen days in June, 1907, and edema appeared. The 
sugar in the urine amounted to 345 gm. about ten days pre- 
viously, but was much less during the interval between the 
two dates on which he was weighed. Anunonia was present, 
6 gm. Sodium bicarbonate was given, 16 gm. daily. The urine 
contained a slight trace of albumin and a moderate number 
of easts. Death occurred in coma five and one-half months 
later. 

The factors which appeared most intimately con- 
nected with the development of edema in our seven 
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cases were two — ^the restriction of carbohydrates and 
the administration of sodium, bicarbonate. In our ex- 
perience, however, the restriction of carbohydrates has 
never caused the appearance of edema in a mild case 
of diabetes. We have had an excellent opportunity to 
collect evidence on this point, because it has been our 
custom to weigh patients daily during the early period 
of observation, which is usually a period of restriction 
of diet as well. If the edema is dependent on re- 
striction of carbohydrates, this must apply only to those 
cases like ours, which are of a severe type. To this 
aspect of the question we will later return. 

The other factor — sodium bicarbonate — was con- 
sidered by several of the patients themselves to be the 
cause of the edema, and for a time this seemed to us 
to be the most probable explanation. The first observa- 
tion which threw doubt on this explanation occurred in 
the course of the treatment of Case 132. This patient 
gained, between November 14 and November 16 5l^ 
pounds, although no sodium bicarbonate was adminis- 
tered. During this time the diet was restricted from 
215 gm. carbohydrate to 130 gm. Between Nov. 19, 
1907, and Dec. 1, 1907, an average of 22 gm. of sodium 
bicarbonate was given daily, but the weight rose from 
only 129 to 129% pounds. 

A further opportunity was afforded of determining 
the influence of sodium bicarbonate in the production 
of edema by a study of the following case : 

Case 135. — The patient was a male, 34 years of age, who 
entered the hospital in January, 1908, in a most pitiable and 
cachectic condition, his weight having fallen from 138 to 88 
pounds. He had been under our observation for nearly a year 
and a half, having developed diabetes three and one-half 
years before we first saw him. For a short time previous to 
admission he had given up on his own account the use of 
sodium bicarbonate, because he believed it was the cause of his 
edema. The diet on entrance consisted of milk, 1 pint, cream, 
% pint, fresh butter, 2 ounces, oatmeal (cooked), 1 gill, 4 
eggs, meat, 10 ounces, potatoes, 8 ounces, 6 ounces of (cabbage, 
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spinach, lettuce, tomatoes), apple, 4 ounces, orange, 4 ounces, 
olive oil, 1 ounce — without the addition of salt. It contained 
approximately 135 gm. carbohydrate, 110 gm. protein and 
185 gm. fat. For the first four days no alkali was given. 
Twenty-five grams of sodium bicarbonate were then added to 
the diet. This was a little more than the quantity which the 
patient had taken intermittently for the two years up to the 
time he had omitted it before coming into the hospital. Two 
days after he began to take the alkali symptoms of coma 
became marked, and, despite the fact that the sodium bicar- 
bonate was increased in quantity, death occurred two days 
later. 

Not only was no edema to be noticed during the 
period of the administration of the alkali, but the 
weight, which had fallen 2^ pounds during the first 
four days after entrance, continued to fall, but at a 
much more rapid rate, namely, 314 pounds in the 
second four days. The quantity of carbohydrate was 
not reduced in the diet, but the amount of fats and 
protein was lowered because of the inability of the 
patient to take so much food. In the alkali period 
the quantity of liquids ingested was about 50 per cent, 
greater than during the first period, and exceeded the 
quantity excreted in the urine by 25 per cent. This 
was in contrast to the first period, when the quantity 
of liquids ingested and the volume of urine voided were 
approximately the same. Plenty of liquid was availa- 
ble, therefore, for the production of edema, yet it did 
not occur in the presence of sodium bicarbonate and 
a failing heart. The analytical data are presented in 
Table 2. 

One of the points of interest in Table 2, and one 
which may have a bearing on the question of edema, 
is furnished by the chlorin excretion. This changed 
markedly as soon as sodium bicarbonate was adminis- 
tered, falling from an average of 6.3 gm. daily during 
the first period to 2 gm. daily in the second period. 
The constancy in the excretion of nitrogen and phos- 
phates up to the alkali period was notable. As often 
occurs, the ammonia did not increase even in the pres- 
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ence of coma. The giving of 25 gm. sodium bicarbon- 
ate was certainly not suflScient reason for the lack of 
rise of ammonia with the need of the body for so much 
more alkali. The acetone and diacetic acid and the 
)8-oxybiityric acid showed well the increasing acidosis, 
but it is worthy of note that the increase did not take 
place at first, although there was undoubtedly a restric- 
tion of 100 to 200 gm. of carbohydrates as compared 
with the diet before entrance. The analyses of the p- 
oxybutyric acid were made by the modification of 
Magnu8-Lev}''s method recently suggested by Mr. Black. 
Duplicate analyses presented most satisfactory results, 
and we can not too highly recommend Mr. Black's pro- 
cedure, which shortens the time required for the analy- 
sis of j8-oxybutyric acid to a few hours. 

The observations on the two cases above reported are 
distinctly against the view that sodium bicarbonate had 
anything to do with the production of edema in our cases. 

The study of the action of sodium? bicarbonate in a 
diabetic individual is difficult because the results of its 
administration may be so diverse. For example, we 
know that the administration of sodium bicarbonate to 
a severe diabetic leads to an increased excretion of 
j8-oxybutyric acid in the form of its salt. This may not 
be an indiflEerent matter. Desgrez and Saggio' have 
shown that diacetic acid and more especially j8-oxybutyric 
acid are distinctly harmful to the kidneys. It is there- 
fore readily conceivable that the extra amount of these 
acids excreted following the use of sodiuml bicarbonate 
in severe cases of diabetes may so injure the kidney as 
to prevent its performing its ordinary fimctions, such 
as, for example, the excretion of salt. A retention of 
salt would of course in turn lead to a retention of water 
with an increase in bcTdy weight. The administration 
of sodium bicarbonate may on the other hand have a 

8. Sur la noviclt^ des composes ac^tonlqnes, Compt. rend. 
Soc. de bloL, 1907, 1x111. 288. Reviewed In Centralbl. f. Stoff- 
wechsel- n. Verdannngskr., 1908. 
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totally different effect, since it is one of the best methods 
for removing chlorin and with it water from the body. 
In this event sodium bicarbonate would lower rather 
than increase body weight. Both of these actions might 
go on simultaneously. In that event it would depend 
on the quantity of salt in the body and the degree 
of injury to the kidneys whether the gain or loss of 
weight takes place. Still another variable enters into 
the problem, for both. Magnus-Levy and we have ob- 
served in the study of patients with fatal diabetic coma 
that considerable quanitities of chlorin may be excreted 
by the intestines. 

In order further to simplify the question of the 
etiology of edema in diabetes we determined to note 
the effect of the withdrawal and addition of salt to 
the diet of a diabetic patient. A favorable opportunity 
was afforded by observation of Case 136, above men- 
tioned. The diet, which was constant, contained a com- 
paratively small quantity of chlorin, though an amount 
amply suflScient for the usual needs of the body. During 
the first four days of the experiment the chlorin in the 
urine gradually decreased. This was presumably due 
to the small amount of chlorin in the diet as compared 
with that before entrance. The fall in chlorin excre- 
tion became much more rapid as soon as alkali was 
begun. The weights were parallel to the chlorin, falling 
slowly at first and then rapidly. Edema did not occur 
in the presence of a restriction of salt although the 
condition previously found favorable to its appearance 
— a marked diminution in the carbohydrate intake — ^was 
present. The explanation would thus apparently lie 
in the restriction of the salt in the diet. But the case 
suggests many interesting questions. 

The patient remained in nearly as good condition 
during the first four days in the hospital as at entrance, 
but coincident with the administration of sodium 
bicarbonate, coincident with the fall of chlorin to a 
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daily average of 2 gm., and coincident with the increas- 
ing loss of body weight, coma appeared. Might not these 
four factors be brought into connection? The sodium 
bicarbonate accelerated the removal of the accessory 
chlorin and water from the body, and it set free for 
elimination increased quantities of /J-oxybuiyric acid. 
Was not the percentage of this acid thereby increased 
in the remaining body fluids? In support of this view 
there are data available which show that the blood 
of diabetic patients in coma is more concentrated than 
normal. A diabetic patient on the verge of coma is 
well known to be in unstable equilibrium. At such a 
time the removal of nearly all the accessory water from 
the body must be of serious import. 

Suggestive evidence that salt plays an important role 
in the production of edema in severe diabetes was given 
by Case 147 already reported. An examination of the 
data displayed in the table of that case will show that 
when this patient was on the verge of coma, the weight 
was at the lowest point. On this day in addition to 
the administration of considerable doses of sodium bi- 
carbonate, as much as this particular patient's stomach 
would bear, we gave salt solution enemata, and he 
subsequently took a little more salt in the diet than 
is the rule. Coincident with his improvement, as was 
to be expected, there was a gain in weighty but this 
was so rapid that it is impossible to explain it otherwise 
than by the retention of water, which was later found 
by the appearance of edema. The gain in weight ceased 
when salt in his diet was restricted, although this was 
not done until he had replaced most of the floating 
water of the body. The improvement of the patient 
with comparatively small doses of sodium bicarbonate 
was unexpected and it suggested that the salt simul- 
taneously administered might have had some contribu- 
tory effect. It will be remembered in Magnus-Levy's 
remarkable case (Case 6) recovery from actual coma 
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took piace with the administration of large doses of 
sodium bicarbonate, some of which we infer was dis- 
solved in normal salt solution. It is of interest too 
that in his case general dropsy, including ascites, 
developed. There was, however, albumin in the urine 
of his patient. 

If the withdrawal of some of the salt from the diet 
of a severe case of diabetes prevents the occurrence of 
edema when the carbohydrates are being restricted, the 
administration of salt should lead to salt retention and 
gain in weight. We, therefore, gave salt in doses of 
4 gm. twice daily to eight patients with diabetes. The 
weights of the patients were taken in the same clothes 
at the same hour (as a rule shortly before a meal) and 
after urination. For the sake of control the patients 
were weighed for several days preceding and following 
the salt period. The data are presented in the form 
of a table (Table 3). Two of the patients (11 and 
112) presented marked acidoeis, and it is at once evi- 
dent that these were the only cases showing a material 
gain in weight in the salt period. They are patients 
who clinically correspond exactly with those in whom 
we previously had noted edema. Patient 105 was a boy 
with advanced diabetes of the severest type. He had 
not, however, lived on a very restricted diet for some 
time, and frequently took more than the moderate 
amount of carbohydrates allowed. Despite the severity 
of the disease acidosis was not marked, presumably be- 
cause of his liberal diet. Patient 194 was a young 
girl with diabetes of only a few months^ duration and 
of a mild form. The youngest patient with diabetes 
who in our experience has shown edema was 30 years 
of age. Patients 155, 8, 186 and 163 presented all the 
requirements for the production of edema, save that 
their diabetes was of a mild type without acidosis. These 
patients failed to gain weight in the salt period. These 
experiments require confirmation, but so far as they 
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go they suggest that salt is an important factor in the 
edema of diabetic patients. 

If one studies the quantity of chlorin eliminated by 
patients in diabetic coma it will be found as a rule to 
be slight. This may be due partly to starvation during 
the last few days of life, partly to the excretion of 
chlorin by the intestines, and also partly to the use of 
sodium bicarbonate in considerable amount during the 
period previous to the onset of coma, as well as to its 
employment in excessive amount in coma itself. The 
low chlorin excretion in coma is shown in Table 4. 

TABLE 4.— CHLORIN EXCRETION IN COMA. 
Autbor. ^ ^ "^ ^ * ^ 08 Remarks. 

Magnus-Levy.. 1 3 18.7 14,050 Noalk. Died next day. 

Magnus-Leyy.. 2 IH 1-30 6,590 Alk. B. Died. 

Magnus-Levy.. 3 3 18.49 10,060 Noalk. Died. 

Magnus-Leyy.. 5 2 5.24 5,400 Alk. H* Died next day. 

Magnus-Leyy.. 6 5 13.22 36,825 500 gm. NaHCOt. Re- 
covered. 

6 14.40 9,475 Out of coma. Ascites. 

4 15.38 17,350 420 gm. NaHCO.. 

Coma. Recovered. 

Joslln 4 3 3.9 23,350 Alk. R. Died next day. 

Joclln 135 3 €r.4 15,990 Alk. B • I>ied next day. 

A study of this table will show that the chlorin was 
low almost without exception when alkalies were admin- 
istered^ and high in those instances in which no alkalies 
were given. The only instance (Magnus-Levy, Case 6) 
in which the chlorin approached normal limits when 
alkalies were given recovered from the coma. In that 
case dropsy, including ascites, was present. One ex- 
planation of the appearance of coma in a severe case 
of diabetes mellitus would be as follows: The restric- 
tion of the carbohydrates in the diet leads to the non- 
oxidation of very considerable quantities of )5-oxybutyric 
and diacetic acid, quantities much above those already 
being formed in the body. The elimination of these 
acids causes an irritation of the kidneys. This leads to 
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the retention of salt and the production of edema in 
those individuals whose bodies contain considerable 
quantities of sodium chlorid. When the chlorin is low 
in the body, as is frequently the case, due in part to 
the long-continuous use of sodium bicarbonate, or to 
the lack of ingestion of food and even partial starva- 
tion in the last few days preceding coma, there is no 
extra salt to be retained, and consequently no edema 
appears. These latter patients therefore are especially 
prone to coma because the acids remaining in the body 
are in a more concentrated solution. Nature on the 
one hand is making every effort to remove the acids 
from the body by the kidneys bv means of the excretion 
of large quantities of urine, because only in this way 
can much /J-oxybutyric acid be excreted, while on the 
other hand she is attempting to retain chlorin and 
water in the body to protect the normal concentration 
of body liquids. 

The treatment of diabetic coma by the use of sodium 
bicarbonate has afforded unsatisfactory results, but 
prophylactically the use of alkalies appears to be of 
undoubted value. From the observations and experi- 
ments above recoxmted it would seem advisable to note 
the chlorin excretion in severe cases of diabetes, and 
when it is found low or when weight is falling yet the 
actual net caloric value of the food is sufficient, to add 
salt to the diet. In actual coma it would appear ad- 
vantageous not only to administer large doses of alka- 
lies, but also to give with them moderate quantities of 
salt. It is perfectly obvious that too much salt might 
do quite as much harm as too little, because by its 
administration too much liquid might be retained in 
the body, and the /J-oxybutyric acid fail in excretion. 
Moderate quantities, however, would appear theoretically 
to be indicated. Only last year Folin suggested that 
the exclusive administration of one form of alkali was 
irrational and recommended a combination of salts. 
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CONCLUSIONS. 

1. The withdrawal of salt from the body does not 
lead to the production of acid intoxication of the dia- 
betic type nor does it increase an acidosis already ex- 
isting. 

2. Edema in cases of diabetes mellitns presenting 
marked acidosis frequently occurs coincident with re- 
striction of the carbohydrates in the diet. 

3. This edema is not due to the simultaneous ad- 
ministration of sodium bicarbonate. 

4. The edema is probably caused by the increased 
production of acids causing injury to the kidneys during 
excretion, thereby leading to retention of salt. 

5. Patients in diabetic coma almost without excep- 
tion present no signs of edema, and show diminished 
chlorin in the urine if alkalies are given. 

6. The careful administration of salt along with 
sodium bicarbonate is recommended in the prophylactic 
and actual treatment of diabetic coma. 

81 Bay State Road. 71 Marlboro Street. 

DISCUSSION. 
Dr. Alexander Lambert, New York: The cases that cause 
us the greatest worry and require the closest attention are 
those of diabetes mellitus in most unstable equilibrium. It 
would be interesting to know whether Dr. Joslin noticed at 
some time a diminution of the excretion and whether, in the 
slow drying-out process which the system must necessarily 
imdergo, the amount of thirst diminished as the edema came 
on and the diminution in the water became apparent. In a 
discussion the previous evening the question came up in regard 
to sudden changes in diet in diabetes. I have never hesitated 
in making these sudden changes in diet, because I have not, as 
a rule, given alkali; whereas those who give alkalies in a 
patient with a severe acidosis find it unwise to make these 
sudden changes. Changing the salt content of the diet, the 
sodium chlorid and the sodium bicarbonate must be of great 
moment to these people. I have never seen anything but 
benefit result from these sudden changes in diet when I did 
not give alkalies, when the indications were evident, of course. 
In cases of long standing one can not hold the diabetic to too 
severe a diet. When too low a diet is given acidosis in many 
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cases may come on, or be most prone to come on. It is hard to 
keep a diabetic contented with a restricted diet. If by the 
use of salt, as Dr. Joslin has suggested, we can relieve patients 
of some of their symptoms, keep them in better equilibrium, 
and keep the equilibrium in a more stable condition, I think 
that the oheervations made by Dr. Joslin are most valuable. 

Db. J. M. Allen, Liberty, Mo.: Over thirty years ago I 
found chronic inflammation and ulceration of the duodenum 
on postmortem examination in two patients that died from dia- 
betes mellitus. Since then I have made postmortems in five 
additional cases, and in each found chronic inflammation and 
ulceration of the duodenum and no other pathologic condition, 
except the ordinary changes to be found in the kidney. In all 
I have treated twenty-seven cases ; the clinical symptoms of each 
were the same as those of which I made postmortem examina- 
tions. Hence I conclude that diabetes mellitus is the result of 
faulty metabolism in the duodenum, caused by the pathologic 
condition mentioned. The practical abilities of the old mas- 
ters in our profession are nowhere indicated with more force 
than in the diet list given to diabetics by Watson, Wood, 
Flint and others, which mainly consisted in albuminoids, 
thereby requiring but little function of the duodenum, and 
lessening the possibility of physiologic hyperemia. I read a 
paper on this subject and along these lines before the Ameri- 
can Medical Association at its semi-centennial meeting at 
Philadelphia. 

Dr. G. W. McCasket, Fort Wayne, Ind.: The clinical im- 
portance of metabolism has increased greatly during the past 
few years, and the entire question of metabolism has assumed 
a very important place. One must look to the test-tube for a 
solution of many problems in connection with clinical medi- 
cine. I was particularly impressed by what Dr. Joslin stated 
about the four cases of severe diabetes in which there was a 
chlorid retention with a serous effusion; whereas in the mild 
cases there was none. This seems to me to point to the 
existence of an impaired renal permeability, at least for 
salines. It has been shown by von Noorden that as diabetes 
continues on for a period of time the sugar in the blood must 
be increased considerably over 0.1 per cent, before glycosuria 
takes place. Normally when there is over 0.1 per cent, gly- 
cosuria ensues. Whether this is conservative on the part of 
Nature, or whether it is the result of the chronic irritation, 
there is diminished permeability of the renal epithelium and the 
sugars and chlorids gradually increase in the blood. 

Dr. Elliot P. Joslin, Boston: With the diminution in the 
excretion of urine there is a corresponding diminution in 
thirst. Recently Dr. Goodall and I published in the Boston 
Medical and Surgical Journal personal observations on the 
manner in which acidosis affects young and old diabetic pa- 
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tients. We found that the latter succumbed to a degree of 
acidosis which young individuals could stand well. When an 
acidosis developed in a person of advanced years, or one past 
middle life, the prospect for life was less than when a corre- 
sponding degree of acidosis occurred in a young individual. 
Presumably it depended on the condition of the kidneys and 
their vulnerability. It is also interesting to know that it was 
only in the young persons that recovery from diabetic coma 
often occurred. The young person was capable of voiding 
large quantities of urine and so was able to wash the acids 
from the body. In one case nine quarts of urine were voided 
during recovery. 
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THE FACTOES IN THE ESTIMATION OF 
BLOOD PRESSURE. 



JOSEPH EICHBERG, M.D. 

CINCINNATI. 



The first factor in the interpretation of blood pros- 
sure must be a satisfactory instrument. It should, to 
be of service for general work, be portable, quick of ad- 
justment and accurate. These qualities are possessed 
in eminent degree by the tonometer of Recklinghausen. 
It does not detract from the achievement of Riva-Rocci 
that later modifications have improved the technic ; his 
merit will always lie in the impetus given to the study 
of blood pressure as a routine feature of the general 
examination; the aim now must be to analyze the find- 
ings properly. 

The tonometer of Recklinghausen is based on the 
principle, first introduced into physical science by Bour- 
don and later incorporated into the kymograph of Fick, 
that if a very shallow, curved, elongated air chamber, 
fixed at one end, communicate at one end of the arc with 
a pressure apparatus, while the other is closed, any in- 
crease of pressure will be made manifest by a flattening 
or elongation of the arc, thereby imparting a certain 
movement to the end that is free. By a very simple 
device this movement of tlie air chamber is communi- 
cated to an axis, on which, guarded by a hair-spring, 
there is fastened a long needle, whose tip is made to 
move along a graduated scale, previously standardized, 
and the final figures are read off from the dial. 

A notable advantage in the Recklinghausen apparatus 
is found in the pump. A metallic air-pump, constructed 



Digitized by LjOOQIC 



171 

somewhat on the principle of the bicycle pump, is sub- 
stituted for the ordinary double rubber bulb. The pump 
permits of increase or decrease of pressure at the will of 
the examiner; the instrument is at all times under per- 
fect control; measurements can be made with greatest 
accuracy and promptly verified. By an ingenious ar- 
rangement of valves, easily controlled, this increase or 
diminution of pressure can be made to take place slowly. 
The whole apparatus is manipulated, without any force, 
by one hand, while the other is free to take the pulse. 
The pump is light, durable and only requires an occa- 
sional application of vaselin to valves and piston head. 

The cuff is very broad, has a relatively small elastic 
chamber and a very strong band of thick canvas. It is 
applied by a buckle and strap, so that it can be snugly 
fitted to the arm. It is 12 cm. wide. The distention 
of the rubber pocket can never be very great, though the 
pressure run to considerable figures. The whole appa- 
ratus has, when packed, a weight of four and one-half 
pounds, and can be easily carried to the bedside of the 
patient. 

The distinct advantage of the Recklinghausen appa- 
ratus is in its ability to measure both systolic and dias- 
tolic pressures. It will be seen that the mere determina- 
tion of systolic pressure, though a step in advance, offers 
little help in the solution of clinical problems; the im- 
portant thing is the relation of systolic and diastolic 
pressure. Aside from the actual pressure, measurable 
directly in centimeters of water, the tonometer makes 
it possible to observe the rhythm in time and power of 
the heart's contractions.. It will frequently happen that 
the pulse seems perfectly regular at the wrist, when the 
ocular evidences of the slightly unequal movements of 
the needle will show the contrary; the pulse may seem 
to show an equal filling of the artery at each contrac- 
tion, but the dial will record differences in this regard. 
Again, in many organic affections of the heart, a pecul- 
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iar vibratile oscillation of the needle accompanies the 
excursions of the pulse, instead of the gradual rise and 
undulating decline, so that the tonometer oflfers all the 
advantages of a sphygmographic tracing, along with the 
information as to blood pressure. 

Care must be taken that the examinations are not too 
long continued, for the interruption of the circulation 
in an extremity, if prolonged, will of itself cause 
changes in the blood pressure. 

I start with this postulate : The arterial system has a 
capacity such that, if all arteries were perfectly limp and 
dilated, it could never be filled by the available amount 
of blood. The conditions necessary for a proper circula- 
tion are only secured by a certain permanent state of 
contraction common to all, or nearly all, of the ar- 
teries ; a state of contraction still further increased with 
the functional inactivity of the parts supplied, and di- 
minished, but never wholly relinquished, with the proper 
exercise of function. This brings the general concep- 
tion of the circulation directly into line with what is 
known of the safeguarding devices with respect to the 
heart proper, and, as Gad has shown, with respect to the 
respiration, in which a state of partial but permanent 
inhibition always supplies a natural reserve to meet 
emergencies of all kinds. 

This view is directly at variance with older physio- 
logic doctrine. Thus Landois says : 

The system of blood vessels, with its many ramifications 
and subdivisions endowed everywhere with contractility and 
elasticity, is not only filled with blood; it is overfilled. Hence 
the mass of blood produces a certain pressure, which produces 
a stretching of the elastic vessel wall. This, of course, ap- 
plies only to conditions during life; after death the muscular 
tissue of the vessel walls becomes relaxed and some fluid 
flnds its way out into the tissue. 

In the same way the doctrine that frequency of pulse- 
beat increases the blood pressure will doubtless receive 
revision. Foster says : 



Digitized by LjOOQIC 



173 

If, while the force of the individual beats remains constant 
the frequency is increased or diminished, and, vice versa, if 
while the frequency remains the same the force is increased 
or diminished, the pressure is proportionately increased or 
diminished. This clearly must be the case, but obviously it 
is possible that the beats might, while more frequent, so lose 
in force, or while less frequent so increase in force that no 
difference in the mean pressure should result. And this, 
indeed, is not infrequently the case. So much so, that varia- 
tions in the heart beat must always be looked on as a far less 
important factor of blood pressure than the peripheral resist- 
ance. 

Clinical experience seems to demonstrate that actual- 
ly the pressure is not influenced by the pulse-rate in the 
way that might be imagined. Weigert/ in a study of 
241 cases of acute infectious diseases, found that the 
lowest pressures in many of these were observed not 
during the height of the fever, but in the first few days 
of returning normal temperature ; at a period when the 
pulse was much slower than it had been ; when tlie indi- 
vidual complained of a peculiar gone or good-for-noth- 
ing feeling, and when there was always some danger 
from any peculiar sudden effort. At this period there 
frequently is an abnormally slow pulse, coupled with 
this minimum pressure. 

Conversely, I have recently had the opportunity of 
observing a case of paroxysmal tachycardia in a young 
man of 18, exceptionally tall and fairly well developed, 
whose heart, on January 14, when he presented himself, 
beat so fast and irregularly that the pulse could not be 
counted. The blood pressure in cm. of water, measured 
by the tonometer, was 122, diastolic 100. The patient 
was put to bed on light diet and took triple bromids 
with mild laxatives for two days, when the blood pres- 
sure was 128, diastolic 100, the pulse-rate being 72; 
January 24, the patient being now up and about and 
again attending a technical school, the pulse-rate was 
84, the blood pressure was 134, the diastolic 96; April 

1. Samml. klin. Yortr. (Volkmann's), No. 459. 
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25, the pulse-rate was 102, the pressure 132, the dias- 
tolic 104. The pressure was practically the same at 
every stage, regardless of pulse frequency. 

There is as yet no normal standard of blood pressure, 
and it is difficult to see how any uniform basis for com- 
parison shall be found. Different observers have em- 
ployed different instruments; from this fact alone there 
would naturally arise some discrepancy; but even with 
the same instrument the figures have not been even ap- 
proximately uniform. Tables hitherto given have been 
based on observations of maximum or systolic pressure 
only, because it was impossible to get the diastolic pres- 
sure with the method employed. The Erlanger instru- 
ment is suitable only for hospital or office use; the to- 
nometer of Eecklinghausen is the only instrument thus 
far devised that conveniently gives us both of the data 
with certainty and promptness. 

The accompanying table gives tlie figures as stated 

by different observers : 

Landols, for larger mammaUa and probably for man, 140-160 mm. 

Faivre, direct measurement, 110-160 mm. 

Albert, direct measurement, 100-160 mm. 

Kuhe-Wie^ndt, in uremic patient, 150 mm., direct m^snrement. 

Bascb, in temporals, 90-120 mm. ; in radials, 110-160 mm. 

Federn, 80-90 mm. 

Bruce, 100-130 mm. 

Tschlenoff, in radial, 70-100 mm. ; in tibial, 60-70 mm. 

Uuerthle, 100 mm. 

Frey, in digital arteries, 100-110 ; in radials, 150-160 mm. 

Eckert, in temporal, 175 mm. 

llensen, in 25 healthy men, aged 17-30, 137 mm. ; in 30 women, 

aged 17-30, 132 mm. ; normal range, 100-160 mm. 
Gumprecht, in men, 140 mm. ; in women, 120 mm. 
Weiss, in men, 120 mm. ; in women, 100 mm. 
Schttle, 80-130 mm. 
Neisser, 90-100 possible 160 mm. 

Jellinek, in 500 soldiers, 100-160 mm., may be 180 mm. 
Neu, 80-130 mm. (regards 130 as abnormal, most frequent 95- 

115 mm.). 
Erlanger, systolic, 110 mm.; diastolic, 65 mm. 
Graupner, 115-125 mm. 
Sawada, 90-120 mm. 
Schilling, 00-120 mm. 
Janeway, 110-125 mm. 

Sahli-Gassel, 135 mm., high limit of health. 
Eichberg, in members of class in medical school, systolic, 86-120 

mm. — diastolic, 56-88 mm. 

Xo single reading should be considered a basis of 
final judgment. It is necessary to see the patient a 



Digitized by LjOOQIC 



176 

number of times and to make the observations under 
diverse conditions, if possible, before estimating the 
blood pressure as an element of diagnosis. Error has 
arisen from neglect of this injunction, which has been 
especially insisted on by Sahli, Krehl and others. 

To obtain a fair idea of the blood pressure normal to 
the individual, observations should be made with the 
patient fasting and again just after a meal; with the 
patient reclining and seated or standing; with the pa- 
tient at rest and after a sudden muscular effort. This 
will give data for estimation of the actual work of the 
heart, and also an idea of its recuperative power, a fea- 
ture of more significance in an estimate of the condition 
of the circulation than the mere value in figures. It 
may be assumed that, while an approximate standard 
exists, taken as an average of many observations as to 
what should constitute the normal pressure, this varies 
with each individual, and that it does so with the same 
individual at different times. The term "amplitude'^ 
is suggested by Klemperer for the diflference between 
the systolic and diastolic pressure. Variations in ampli- 
tude in the same individual constitute a most important 
part of the study. 

The amplitude increases for organic disease of the 
kidney, arteriosclerosis and aortic insufficiency. It di- 
minishes for other organic diseases of the heart, aflfect- 
ing the valves or myocarditmi. It is interesting to note 
that in a healthy circulation the amplitude increases 
with moderate exercise, while every deficiency of the 
circulation manifests itself by a reduction of the ampli- 
tude, even when the systolic pressure is increased; this 
fact enables us to differentiate certain of the nervous 
disturbances of the heart from those due to organic 
mischief. In the case of the athlete with damaged heart, 
the initial amplitude was 114 c.c. in the recumbent posi- 
tion; in the sitting position, 108; after walking up- 
stairs, 94 ; ten minutes later, 68. In one healthy young 
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man the initial amplitude was 32 ; after walking, 48 ; in 
another test, initial amplitude was 36, after climbing 
stairs 46; on another occasion 30, after effort 48. Ac- 
cording to Gerhardt, the systolic pressure in broken 
compensation is high, but the amplitude becomes small 
as the heart grows weak and again becomes greater as 
more powerful contractions are resumed. 

The effect of exercise on the blood tension is a matter 
of daily personal experience. Any unusual effort makes 
us conscious of the beating of the heart. This implies 
an increase of work on the part of the heart, and an in- 
crease of arterial tension. The increase of tension is 
not directly proportioned to the work performed. Thus 
Masing^ has shown that the labor of lifting 10 kg. pro- 
duces a rise disproportionately greater than the labor of 
lifting 5 kg. 

The fact that such an increase occurs makes it neces- 
sary to consider the previous conditions of the patient 
at the time of the observation. But the very fact of 
such increase as a normal reaction furnishes an impor- 
tant diagnostic aid. The healthy individual, after 
measured exercise, will present the increase of pressure, 
usually with increase of pulse-rate, the increase being 
more marked in the systolic than the diastolic pressure ; 
but soon after the completion of the work, if not too 
greatly prolonged or too severe, the tension returns to 
the normal. For example, in a healthy young man, 
with an initial systolic blood pressure of 140 c.c, the 
pressure rose after walking up two flights of stairs to 170 
c.c, but w^thin five minutes was back again to 140 -c.c. 
A striking contrast to this was offered in the case of a 
former circus athlete, now aged 53, who had a marked 
mitral insufficiency with arrhythmia and arteriosclero- 
sis and a pulse of 96. The initial pressures here were, 
with the patient lying down, systolic 236 c.c, diastolic 
122 c.c; with tlie patient sitting, 240-132; after walk- 

2. DeutBch. Arcb. f. kiln. Med., November, 1002, Izxlv. 253. 
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ing up two flights of stairs, 216-122; ten minutes later, 
190-122. Here the tension was not only lower imme- 
diately after the exercise than before, having fallen from 
240 e.c. to 216 c.c, but it continued to decline when the 
patient was again at rest, and after fifteen minutes was 
still 50 c.c. lower than at first. A reaction of this kind 
always indicates a damaged myocardium. 

Even in the presence of recognizable valvular lesion, 
the effect of such a test will, if the heart muscle be com- 
petent, give instant information. A man, aged 34, with 
an old mitral insufficiency, gave, while resting, systolic 
168, diastolic 122; after exercise, systolic 188, diastolic 
122; after five minutes, systolic 166; next day, while 
resting, systolic 158, diastolic 122, thus showing ade- 
quate compensation. 

It is possible by practice gradually to increase the 
amount of work that can be performed, while still per- 
mitting the prompt return of the circulation to the state 
of normal tension, and this constitutes a proper system 
of training, as that term is generally understood. The 
injurious effects of training will inevitably appear 
sooner or later if such training carries the work beyond 
the point where a quick return to the normal tension is 
possible. The true limit of the training capacity of the 
individual is thus to be found in the interrogation of 
the arterial tension. Naturally the w^ork that can be 
imposed on a damaged circulation and yet remain with- 
in its training capacity will always be less than that 
imposed upon a normal individual; in the selection of 
the test to be employed care and discrimination must 
alw^ays be exercised. Cases of advanced organic disease, 
of aneurism, of convalescence from exhausting acute 
disease, may be altogether unsuitable for its perform- 
ance. 

When the effort is prolonged but moderate, the pres- 
sure rises, but soon adjusts itself to a mean higher level, 
in which any slight additional effort produces no effect. 
Thus in the case of the young man just mentioned with 
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a normal pressure of 140 e.c. the systolic pressure after 
walking one mile was 154 to 112 diastolic. Walking up 
two flights of stairs then made no difference, the pres- 
sure remaining at 154-112. 

The quantity and viscosity of the blood necessarily 
influence the blood pressure. Moderate blood-letting up 
to 2.8 per cent, of body weight is not attended by any 
noteworthy decline of pressure. Blood-letting up to 4 
or 6 per cent, of the body weight reduces the blood pres- 
sure to zero. The blood pressure is increased by any 
addition to the volume of the circulating fluid, as by 
injection of defibrinated blood, or normal salt solution, 
either directly into the veins or into the subcutaneous 
tissue, respectively. After copious meals there is also 
an increase of blood pressure, attributable in part to ad- 
dition to the volume of circulating fluid. There is as 
yet no satisfactory means of determining the viscosity 
of the blood. Boveri' found that hypertension from 
adrenalin or tobacco was always accompanied by a 
notable increase of erj^throcytes. Paul Arnold* also 
notes that chronic increase of the blood pressure, as a 
rule, leads to increase of red corpuscles and hemoglobin. 
Boveri remarked on the distinct parallelism between the 
viscosity of the blood and the number of erythrocytes, 
so that a polycythemia would usually indicate an in- 
creased viscosity. 

The most important factor in the control of blood 
pressure is the nervous system. It had been known that 
almost every phenomenon connected with life, whether 
it be a physical or mental phenomenon, produced, tem- 
porarily at least, a modification of pressure over a larger 
or small portion of the vascular area. Taking the physi- 
ology of the nervous control for granted, it is of interest 
to note that recent experiments have added much inter- 
esting light. Curschmann** finds that the effect of pain- 

3. Clin. med. Ital.. September, 1906. 

4. Dissertation. Wiirzburg, 1907. 

5. Berl. kiln. Wchnschr.. 1907, p. 132. 



Digitized by LjOOQIC 



179 

ful faradic currents applied in such a way as to avoid 
motor points of irritation, in normal individuals, is gen- 
erally to increase the blood pressure; in persons with 
organic or functional hypertension the increase is dis- 
proportionately greater. In organic analgesia the ex- 
periment produces no modification of pressure, nor is 
there any change in hysterical analgesia until the hys- 
teria is relieved — thus seemingly proving that there is 
an actual sensory lesion in hysteria. Klemperer,' while 
admitting the influence of physical work in increasing 
the blood pressure, says that the amount of this increase 
is largely determined by psychic factors. Masing^ deter- 
mined that the increase of blood pressure with any given 
effort was less according as there was less determined 
effort of the will. Kiessling® shows that efforts which 
are unusual, requiring more mental concentration, are 
accompanied by a greater rise of blood pressure. Direct 
stimulation of the cortex in curarized animals is at- 
tended by a signal rise of blood pressure.* In man an 
analogous result- follows hypnotic suggestion (Klem- 
perer*). Here, with the muscles perfectly limp, the 
suggestion of work, such as mounting stairs or drawing 
a tight cork from a bottle, raised the pressure from 178 
c.c. to 206 c.c. It then dropped to 176, and with a 
further suggestion rose to 210 c.c. The mere intention 
of doing work, the willing to do it, increased the pres- 
sure. 

Passive movements, except those causing pressure on 
the thorax or abdomen, may be performed for a long 
time without increase of pressure. Klemperer says that 
the least factor in the increase of pressure attending 
any given work is due to the necessary muscular activ- 
ity; the participation of the cerebral cortex is the prin- 
cipal cause. This fact may well explain the advantage 

6. Ber. tt. d. Yerhandl. d. Kong. f. Inner^ Med., 1907. 

^ 7. Deutsch. Arch. f. kiln. Med., 1902, Ixxlv, 253. 

*" 8. Dissertation, Grelfswald. 

9. Weber: Arch. f. Anat. u. Physiol., supplement, 1906. p. 309. 
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of passive movements in cases of heart lesion, either 
alone or, as at Nauheim, if coupled with effervescing 
baths, and gradually changed into resistance movements. 

Dyspnea increases the blood pressure very materially.^® 
This applies not only to acute suffocative conditions but 
to dyspnea of long standing. The amount of this in- 
crease varies greatly in different individuals, depending 
on the degree of the dyspnea and the power and adapta- 
bility of the heart. The walls of the vessels contract 
when tlie blood becomes distinctly venous in type. It is 
the increasing venosity of the blood, according to Lan- 
dois, which causes the emptying of the arteries after 
death. The vasomotor center in the medulla is the 
direct agency in this phenomenon, the ganglionic cells 
being exceedingly sensitive to changes in the composi- 
tion of the circulating fluid. 

Contrary to what might be expected, acute infectious 
diseases have but little influence on the blood pressure. 
If we stop to reflect, the fact need cause no surprise, 
since the compensating mechanisms of the body are so 
abundantly provided that an acute condition, though it 
strain the limit of reserve, does not utterly exhaust it. 
Gerhardt^^ shows that in febrile diseases, as the heart 
grows weak, the arteries contract (probably under vaso- 
motor influence), thus preserving the pressure. A very 
exhaustive study has lately been made by Weigert^ of 
Dresden. In many of the acute infections the pressure 
fell during the height of the fever and returned to the 
normal as convalescence was established. There was no 
proportionate decline in pressure with increasing grav- 
ity of the symptoms. The report is based on a study of 
241 cases, and the pressures recorded are all systolic. 
In typhoid fever there was a decline at the height of the 
fever. In pneumonia no change was noted at any stage, 
not even in the crisis. In scarlet fever without compli- 
cation there was no change ; the same was true of diph- 

10. Jaeger, O. : Dissertation, Lelpsic, 1906. 

11. Sauunl. kUn. Vortr. (Volkmann's), No. 470. 
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theria without complications. The observations of the 
blood pressure furnished no certain prognostic indicar 
tions nor suggestions for treatment. How little could 
be learned from the blood pressure with regard to the 
gravity of the case was shown in a case of ulcerative 
endocarditis, with general bacteriemia, in which six days 
before death the pressure was 140 mm. ; three days later 
it was 95 mm. ; then, despite increasing frequency of 
the pulse, it rose to 115 nmi., and shortly before death 
attained 125 mm. In another case of ulcerative endo- 
carditis with streptococci in the blood the pressure on 
the second day was 136 mm.; the next day it was 122; 
then it rose to 155 mm. on the tenth day, and on the 
eleventh, the day of the patient^s death, it was 145. 

However, Cook and Briggs^^ found in typhoid cases 
a hypertension increasing with complications, parallel 
to the severity of the disease and to deepening intoxica- 
tion. The occurrence of perforation, confirmed by oper- 
ation, was indicated by a sudden jump in pressure before 
the appearance of any other symptom, the pressure ris- 
ing from 106 to 144 ; while in another case with seeming 
certainty of perforation, as shown by leucocytosis, rapid 
pulse and sharp abdominal pain, without rise of blood 
pressure, the operation failed to show any sign of per- 
foration. Similarly, Teissier and others have found in 
the sudden increase of pressure a precursor of hemor- 
rhage. Crile, too, found this increase of blood pressure 
in cases of perforation confirmed in four cases by opera- 
tion or autopsy. In making this observation frequent 
tests will be indispensable, and only very marked, sud- 
den fluctuations can be of value. 

The acute condition may pass without notable change 
in blood pressure, but the subsequent history of these 
cases, as recently studied by Thayer in typhoid, shows 
that after the lapse of several years the damage done 
may become manifest. Thayer's patients all showed an 

12. Johns Hopkins Hosp. Rep., zl. 



Digitized by LjOOQIC 



182 

increase of blood pressure as compared with other indi- 
viduals of the same age. Many had developed arterio- 
sclerosis. The greatest rise was observed in the later 
decades. 

Determination of a high or low pressure is in itself 
of no value. The lowest values compatible with life 
are found by Neu" to be from 40 to 45 mm., and these 
occur only with subnonnal temperature in the moribund 
state, though Neu^^ has seen patients recover after the 
pressure had fallen as low as 60 mm. The greatest 
variation that has come under my personal observation 
was noted in the case of a shoemaker, aged 64, with 
arteriosclerosis, a man of temperate habits, with no rec- 
ognizable lesion except a slight bronchitis, where the 
amplitude was 212 c.c, the systolic pressure being 394, 
the diastolic 182 c.c. 

It is in chronic conditions that the study of blood 
pressure is of the greatest advantage for diagnostic and 
therapeutic purposes. Friedrich Miiller states that the 
constant increase of blood pressure is the earliest symp- 
tom of a developing arteriosclerosis, and Groedel^* main- 
tains that the constant increase of blood pressure, in the 
absence of aortic insufficiency and of interstitial neph- 
ritis, is in itself sufficient to establish a diagnosis of 
arteriosclerosis. Hypertension does not necessarily exist 
in every case of arteriosclerosis ; on the contrary, normal 
pressure may be present in advanced cases, but where 
the increased pressure is found the presence of arterial 
changes is indicated. 

Hypertension, however, is not in itself a disease. 
Graupner^" says that it is an accompanying or resulting 
symptom of many anomalies of nutrition — diabetes, 
gout, syphilis, chronic lead poisoning and certain kidney 
affections, all of which lead to changes in the splanchnic 
distribution. Changes may be present in the aorta, in 

13. Experimentelle und klinisctae Blatdrack-Untersuchungen, 
Heidelberg. 1902. 

14. Ber. ti. d. Verbandl. d. xxl. Kong. f. Innere Med. 

15. Berl. kiln. Wchnschr.. 1907, No. 15. 
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the cerebral or brachial arteries, without any change in 
tension. Eomberg and Hasenf eld have shown that hyper- 
tension occurs only when the arteries of the splanchnic 
territory are extensively involved. Sclerosis of the ar- 
teries is a very slowly progressive change. Its nature 
has been most exhaustively studied by Jores.^* The 
association with nephritis has long been recognized. 
Groedel found in seventy-one cases of nephritis a mini- 
mum pressure of 130 mm., and more than half had a 
pressure of 170 mm. or more. 

The general assumption has been that hj'pertension is 
in itself very dangerous, inasmuch as it leads to altera- 
tion of the vessel wall, possibly to rupture, or induces 
cardiac hypertrophy and subsequent dilatation, so that 
in every case baths, iodin compounds and nitrites should 
be used. This view is strongly combated by KrehP^ and 
by Bier. They regard the high pressure as compensa- 
tory. In chronic kidney disease the high pressure causes 
a more rapid flow through the reduced vascular area in 
the kidney, and this more rapid flow allows of necessary 
elimination. In many cases, with a more effective action 
of the kidney, the pressure promptly declines. Krehl 
cautions against unnecessary interference with this 
beneficial automatic arrangement for maintaining the 
competency of the kidney, except in so far as regulation 
of the diet may reduce the proportion of waste products 
to a minimum, for reduction of blood pressure will 
retard the elimination from the kidney and increase the 
patient's danger. In six cases of chronic kidney disease 
with hypertension reported by Graupner the blood pres- 
sure fell as soon as the function of the kidney improved ; 
the compensatory increase of tension was no longer 
necessary. Similarly Krehl regards the hypertension in 
arteriosclerosis as part of the natural regulation with 
which we should not interfere. On this point, however, 
issue may be taken, provided a healthy heart muscle 

16. Wesen and Entwlckelang der Arterlosklerose, Weisbaden, 
1903, Bergmaim. 

17. Deutsch. med. Wchnschr., 1905, No. 7. 
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exists. If the heart be insufficient, or if its power of 
adaptability be greatly reduced, then it is probable that 
the hypertension assists the circulation. But with a 
normal heart the increase of tension in arteriosclerosis 
is due to mechanical conditions, thickening of vessel 
walls, reduction of caliber, loss of elasticity — all purely 
mechanical obstacles, whose effects can be modified by 
treatment. 

The indication of the necessity for treatment, for at- 
tempting to reduce the hypertension, is to be found in 
the response of the heart to blood-pressure tests after a 
measured amount of work. If the heart muscle still has 
a certain training capacity, then it does not require the 
compensatory hypertension. The question is always one 
of adaptability of the heart. 

Many agencies reduce the blood tension. Warm, effer- 
vescent baths, as used in the natural state at Nauheim, 
are of most signal value and thousands are benefited 
annually; under their influence, if judiciously em- 
ployed, the blood pressure increases to a physiologic 
maximum and then falls, while the functional capacity 
of the heart increases by combining the baths with exer- 
cise. The effect of iodin in arteriosclerosis is perhaps to 
be explained by the control which it exercises over the 
polycythemia, and by its reduction of the viscosity of the 
blood, rather than to any influence on the anatomic 
change. The effect of the nitrites is universally ac- 
knowledged. 

It is in the direction of prevention, however, that we 
should most earnestly apply our efforts. With our 
knowledge of the influence of the nervous activity in the 
causation of the hypertension, with the recognized role 
of excessive waste products in the blood in the same 
direction, the treatment to be instituted lies more in 
educating the patient to right living than in the admin- 
istration of medicine. Avoidance of alcohol and to- 
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bacco, moderation in eating and drinking, proper hour^ 
of rest, and the elimination of excitement and nerve 
strain become the principal therapeutic measures. To 
cultivate repose is thus not only an obligation imposed 
by good breeding; it is an imperative law of physical 
health. The study of the blood pressure furnishes the 
guide as to the eflBcacy of the treatment, as well as to 
the time for its continuance. Assuredly it is not pos- 
sible to agree with Eomberg in this statement: "With 
regard to the measurement of blood pressure we thus 
have much more accurate information than formerly 
regarding one of the conditions imder which the circula- 
tion is carried on. But even as no conclusions as to the 
efficacy of the circulation can be drawn from the height 
of the blood pressure, no clue as to the details of the 
mechanism is found in the composition of the blood 
pressure and its comparison with the maximum of pres- 
sure. These factors give no measure of the relative par- 
ticipation of heart and blood vessels in the existing 
changes of the circulation, because the extent of the 
pulsatile oscillation is influenced not only by the heart 
but by the tension and elasticity of the vessels, and the 
tension of the vessels is by no means in a fixed ratio to 
the maximum of pressure." 

The following conclusions seem justified: 

1. The routine interrogation of the blood pressure 
should constitute part of the regular examination of 
each case. 

2. Both systolic and diastolic pressures are necessary 
in the solution of the problem. 

3. Systolic values of more than 130 mm. call for 
further study. 

4. The most important feature of the study of blood 
pressure is found in its behavior under tests with meas- 
ured amount of work. 

5. Increase of blood pressure is often conservative, 
and then calls for no interference. 
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6. A pressure that is at all times above normal may 
be the only, as it often is the earliest, evidence of 
arteriosclerosis. 

619 Oak Street. 

DISCUSSION. 

Dr. W. F. Dutton, Pittsburg: The etiology of hypertonic 
contraction readily resolves itself into two great divisions, the 
influence of the nervous system and the composition of the 
blood. I am not referring to the mechanical conception which 
would make the arteries mere elastic tubes but to that of 
living tissue. I have been experimenting with methylene blue. 
When administered in large doses a retention of the drug in the 
tissues takes place, owing to a disturbance of renal function, 
and manifests itself by a diminished excretion of the drug 
in the urine and feces. After a saturation of the tissues every 
additional dose is followed by a lessened functional activity. 
This effect is most apparent in the arteries, and it causes at 
once a hypertonic contraction and hyperemia of the renal 
capillaries as well as other pathologic conditions. This method 
is one to determine the condition of the arteries. The tighten- 
ing or relaxation of the radial arteries is of clinical impor- 
tance. The conception is false that the blood-pressure is 
heightened inside all hypertonically contracted blood vessels 
only. The two factors of the vessel wall and of the contained 
blood must be separated. There should be an efrtimation of the 
pressure inside of the artery, no matter what the thickness of 
the walls may be. Nervous reflex, however, may be due to blood 
impurity. 

I do not believe that von Recklinghausen's instrument differs 
greatly from others. The only thing that can be depended on 
in its use is the estimation of the resistance of the blood. 
None of these instruments is perfect. The one, however, that 
I believe to be the most convenient for the general practitioner's 
use is that of Riva-Rocci as modified by Cook. The hyper- 
tonic, or the sclerotic or atheromatous condition of the arter- 
ies is determined by the sense of touch. I believe that the more 
the general practitioner practices this determination of the 
arterial condition by the sense of touch, the more perfect he 
will become — and more so than by the use of these complicated 
instruments. Arterial sclerosis and atheroma are totally differ- 
ent. Continued stimulation of the arterial wall leads to 
structural changes, and the fact that a fibrous hyperplasia 
of the tunica intima takes place shows that the vessel changes 
are not due to mere nerve influence, but to the blood itself. 
The intensity of internal changes in the kidneys indicates a 
presence of excrementitious substances in the blood seeking an 
outlet. There lies, in part, an explanation of vascular, cardiac, 
and renal changes. Most text-books endeavor to present the 
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subject in such a way as to make one think that atheroma, 
sclerosis and hypertonic contraction are one and the same 
thing. But the surgeon might treat a broken leg for tumor 
of the brain just as well as the physician might treat atheroma 
for sclerosis. 

Db. N. S. Davis, Chicago: In certain arterial diseases the 
arterial wall still retains its power to contract; I have ob- 
served that other physicians often overlook this fact. It is 
a fact that not only healthy normal walls but diseased arterial 
walls possess this tonicity or power to contract. Furthermore, 
many times a diseased arterial wall has a greater degree of 
tonicity and power to contract, or is more easily stimulated to 
contract, than a healthy arterial wall. When the artery is 
compressed the cessation of the flow of blood through it 
depends not entirely on the pressure of the blood inside the 
artery, but first on the thickness and tonicity of the arterial 
wall — in other words, on the rigidity of the arterial wall ; and 
second, on the size of the lumen of the artery. Therefore, when 
a hemomanometer is applied to an arm and the arteries in it 
compressed it must be remembered that the compressibility of 
the artery as well as the pressure of the blood within the 
artery is being measured. The so-called arterial tension 
really means the compressibility of the artery. 

Dr. I. J. Wolf, Kansas City, Mo. : I am especially interested 
in two points that Dr. Eichberg brought out. First, mental in- 
fluence is capable of producing a rise and fall in the blood 
pressure the same as physical labor. This is somewhat akin 
to what Parlow demonstrated regarding the work of the 
stomach: that the influence of the mind is as powerful in 
causing a flow of gastric juice as food itself. The other point 
emphasized, which I have often noticed in my clinical work, is 
that the increase in blood pressure is generally compensatory, 
and that to interfere with this compensatory increase in blood 
pressure is often dangerous. In such cases, when patients pre- 
sent themselves with a high blood pressure, the question is 
not so much what the blood pressure is at present, but what 
it has been before. If it was, for instance, 280 before and the 
kidneys were doing good work with such a blood pressure, it 
would certainly be dangerous to try to reduce it, or, if already 
lowered, to reduce it still further by the use of nitrites or the 
like. In such cases, though the blood pressure may seem 
dangerously high, the use of digitalis is more indicated and 
better able to remove untoward symptoms than the use of 
blood-pressure-reducing remedies. If, in addition, it is seen 
that through proper diet and hygiene the patient's blood 
pressure is not increased beyond the necessities of the case, the 
patient's welfare is guarded. High blood pressure does not 
necessarily mean a competent heart; nor does it exclude the 
use of digitalis. 
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Db. Joseph L. Hilleb, Chicago: In many cases of hyperten- 
sion it is not necessary to institute any treatment. All no 
doubt will agree that most frequently these cases are due to 
the condition of the kidneys. The question then arises whether 
or not a lowering of the blood pressure reduces the elimination 
from the kidneys. There has been a considerable amount of 
work done on this subject and on the relation between the 
lowering of the blood pressure and the elimination from the 
kidneys. The most accurate work on this subject has shown 
that, when the blood pressure was reduced from 20 to 25 mm. 
of mercury, for example^ and a careful determinati<m of 
the elimination of water and solids from the urine was made 
covering a number of days, there was a decided reduction in 
the elimination of solids through the kidneys. 

Db. S. St. John Wbioht, Akron, Ohio: Blood pressure is 
only one of many pressures which modern methods of living 
affect. The changed relations existing between patient and 
physician demand consideration. In these days of meters 
and instruments of precision, which are now in most homes, 
the doctor must still be a leader as waa the family doctor of 
old. He can not afford to be without apparatus. For the 
neurotic and morbidly introspective patient an array of ap- 
paratus might be injurious. In such a case the trained finger 
of the doctor, educated by the sphygmomanometer, will give 
him a working knowledge of the blood pressure and reassure 
the patient. 

Db. C. F. Hooveb, Cleveland: There are inert^ances in which 
lowered arterial tension in patients wih Bright's dis- 
ease causes a profound depression. In cases of chronic in- 
terstitial nephritis — and this is a fact that I have verified a 
number of times — with the elimination of a very small 
amount of urine in twenty-four hours, the use of diuretin or 
caffein is not followed by diuresis; in these cases there is a 
high arterial tension and an oliguria. But when I lower the 
arterial tension there is a marked diuresis. Caffein or 
diuretin are without effect on the excretion of urine; but when 
trinitin is administered, lowering the arterial tension, diuresis 
occurs promptly. Dr. Wright wants a man of modem times 
and not of the old school. It is the use of the blood-pressure 
apparatus which teaches clinicians how to estimate blood 
pressure by touch. 

Db. Joseph Eichbebo, Cincinnati: It was not with a view 
of measuring the blood pressure alone that I presented the 
instrument; but I wish to call attention to its availability 
in the routine examination of patients. It is not in de- 
termining the absolute blood pressure that much can be 
learned; not from its high or low reading, but from consid- 
eration of the blood pressure in connection with the symp- 
toms. In the study of heart disease, the determination of 
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the heart murmur alone really means nothing. After recog- 
nizing a certain cardiac murmur a proper analysis must neces- 
sarily determine its source. And so with the determination 
of the hlood pressure; in hypertension only a proper study 
can determine whether the heart, the arteries or the nervous 
system is at fault. The most important feature in connection 
with the blood pressure is the determination of the compen- 
satory action of the heart, the adaptability of the heart after 
a measured amount of exercise. Having determined the 
blood pressure of an individual at rest and in exercise, one 
should then note how the heart behaves. If the heart is com- 
petent, if fully able to compensate, the high pressure is not 
a dangerous factor. The criticism of the instrument which 
I present is well deserved in the main. The instrument of 
von Recklinghausen has the defects inherent in all instru- 
ments of this nature, but the errors are easily controlled. It 
does depend on the condition and tension of the metallic 
spring; but this element in error can be checked at any time 
by comparison with a standard gauge. The instrument is 
portable and can be readily carried to the bedside of a 
patient. It enables one to obtain promptly both the diastolic 
and the systolic pressure. It has manifest advantage over 
other instruments that require the use of mercury. Erlanger's 
instrument can not be carried around; its place is in the 
office or in the hospital ward. 



Digitized by LjOOQIC 



ACUTE INSUFFICIENCY OF THE SUPRA- 
RENALS. 



R, S. LAVENSON, M.D. 

PHILADELPHIA. 



It is interesting that a condition looked on as one of 
considerable importance by the French clinicians is ac- 
corded but the most indifferent consideration by those 
of other countries. Hemorrhage of the adrenals has 
been generally recognized as a common pathologoic 
finding in still-bom infants or those dying shortly after 
birth, and the literature of Italy, Grermany and Eng- 
land contains occasional references to hemorrhage or 
other acute destructive lesions of the adrenals in adults. 
In none of the countries outside of France, however, 
has acute insufficiency of the adrenals become a factor 
in medical diagnosis in advanced life as well as in in- 
fants. It might be suggested that this state of affairs 
i.^^ but the result of the conservatism of the American, 
German, English and Italian clinicians contrasted with 
the somewhat more unstable, fanciful attitude of their 
French brethren. That a s}Tmptom-complex dependent 
on acute insufficiency of the adrenals does occur,, how- 
ever, in such a striking form as to demand clinical rec- 
ognition is well exemplified by the case which I have 
to bring before you. 

Patient. — ^A woman, admitted to the University Hospital, 
where in the capacity of clinical assistant to Dr. Stengel, I 
had the opportunity of observing her during her illness and of 
subsequently performing the pastmortem examination. She 
was a widow, 44 years of age, white, and a native of Ireland. 
The few elements of her family history that were obtainable 
had no bearing on her present condition. Her previous history 
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revealed the fact that during the past seven years she had had 
infrequent attacks of asthma, and that during the past two 
years she had been subject to occasional attacks of abdominal 
pain with vomiting. During the past two years she had lost 
slightly in weight. 

History of Illness. — On November 30, shortly after eating 
breakfast, and while in comparatively good health, the patient 
had an attack of vomiting, with some pain in the epigastrium, 
at the same time she felt weak and prostrated. A half-hour 
later she drank a glass of water, when she again vomited. 
The pain in the epigastrium became more severe and the at- 
tacks of vomiting more frequent. During the afternoon there 
were frequent attacks of vomiting, and toward the evening the 
patient became slightly delirious. She was then seen by Dr. 
H. Kennedy Hill, who immediately sent her to the University 
Hospital. On admission to the hospital, temperature was 95, 
respiration 48, and no pulse could be felt. Vomiting had 
ceased by this time. The patient complained of pain in the 
epigastrium, and there was tenderness in this region and in 
the loins. The predominating symptoms were those of shock; 
the patient was extremely apathetic; her extremities were 
cold, the skin leaky and absolutely no radial pulse could be 
felt. During the earlier part of the next day the breathing 
became of the Gheyne-Stokes type. 

Physical ExanUnation,^The lungs were slightly emphysema- 
tous, and on respiration numerous dry rftles could be heard. 
The upper border of the heart was on a level with the fourth 
rib; the right border at the right border of the sternum; the 
left border about a quarter of an inch outside of the left mid- 
clavicular line; the apex-beat was in the fifth interspace in 
the midclavicular; the cardiac sounds were weak and some- 
what obscured by the respiratory rftles; no murmurs could be 
detected. The tenderness in the epigastrium and in the loins 
persisted. There was slight rigidity of the abdominal wall, 
but no distention. The extremities were cold and slightly 
cyanosed. 

Urinalysis. — Straw colored; slight brownish sediment; acid; 
specific gravity, 1002; no sugar or albumin; a small amount 
of mucus; a few leucocytes. 

Blood Examination. — ^Hemoglobin, 61 per cent. ; erythrocytes, 
4,930,000; leucocytes, 52,800. 

Clinical Course. — ^With vigorous stimulation during the day 
after admission, the patient reacted slightly, her temperature 
becoming 100 at noon on the day following admission. This 
reaction lasted for but a short time, the patient dying at 8 
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o'clock in the evening following her admission, or about 
thirty-six hours after the onset of the illness. Respiration 
had remained in the neighborhood of 48; the radial pulse had 
at no time become palpable. As counted by auscultation, the 
heart beat from 120 to 140 times per minute. 

It is almoet needless to emphasize how impressive a 
clinical picture the patient presented — ^the suddenness 
of onset, the vomiting, the epigastric pain, the lumbar 
tenderness, and, above all, the profound shock formed 
a most striking group of symptoms. In the light of our 
knowledge at the time, it resembled most acute hemor- 
rhagic pancreatitis, though the shock was more pro- 
found and the vomiting and epigastric tenderness less 
marked than would have been expected in this condi- 
tion. 

The autopsy revealed the interesting and unexpected 
nature of the affection. The following brief notes are 
abstracted : 

Pathologic Report, — ^The lungs showed, macrosoopically and 
microscopicidly, a moderate degree of emphysema with slight 
hypostatic congestion. The heart was of normal size; both 
ventricles were relaxed; the cavities and walls were of normal 
proportions: the valves were soft and competent; the coronary 
artery was slightly sclerotic; the muscle was somewhat grayer 
than normal. Microscopically, the heart muscle presented the 
picture of a slight, chronic fibrous myocarditis. The peritoneum 
was smooth and glistening. The uterus and appendages, aside 
from slight atrophy, presented no pathologic features. The kid- 
neys were of normal size; their consistency considerably in- 
creased; the capsule stripped with some difficulty, but did not 
tear the kidney substance; the surface was slightly granular 
and showed a number of dark-based depressions and a few 
small cysts containing clear fluid. Tlie microscopic features were 
characteristic of an arteriosclerotic, chronic interstitial neph- 
ritis of moderate degree. The stomach showed itself to be the 
seat of a chronic catarrhal gastritis. The intestines were 
without noteworthy characteristics, except for considerable 
venous congestion. The spleen was slightly enlarged and softer 
than normal. The liver was of normal size, its consistency 
slightly reduced; the organ was paler than normal, its struc- 
ture somewhat obscured. The microscopic examination re- 
vealed fatty degeneration with early periportal fibrosis. The 
bile ducts were patulous; there were no gallstones. The pan- 
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creas was of normal size, the consistency increased, the struc- 
ture somewhat obscured; on squeezing the organ, a few drop- 
lets of turbid, yellowish fluid were expressed from the smaller 
duets; several pinhead size areas of fat necrosis were found in 
the peri-pancreatic fat. Microscopically, a distinct interlobu- 
lar and intralobular fibrosis was seen, ^th some atrophy of 
the secreting cells; there was no necrosis; in the interlobular 
tissue, especially in the neighborhood of the ducts, there was 
a diffuse, polynuclear leucocytic infiltration of moderate de- 
gree. Both suprarenals were enlarged and soft, and presented 
on section a dark-red, homogeneous appearance; both supra- 
renal Teins were thrombosed. Microscopically, there was 
almost complete destruction of the gland substance; with the 
exception of small, scattered islands, the parenchyma of the 
cortex stained a homogeneous pink with hematoxylin and eosin. 
Nuclei of the connective tissue cells of the stroma were pre- 
served here and there, but scarcely any epithelial nuclei were 
visible. Scattered throughout this necrotic tissue were hemor- 
rhagic extravasations of various size. There was considerable 
hemorrhage into the medulla, but less cellular and nuclear 
destruction than in the cortex. Cultures from the pancreas 
showed staphylococci, colon bacilli, and a non-identified Gram- 
positive bacillus. Cultures from the suprarenals were nega- 
tive. 

Pathologic Diagnosis. — ^Emphysema and hypostatic conges- 
tion of the lungs; chronic fibrous myocarditis, chronic inter- 
stitial nephritis; chronic catarrhal gastritis; acute splenic 
timior; fatty degeneration of the liver, with beginning peri- 
portal cirrhosis; chronic pancreatitis, with acute interlobular 
suppurative pancreatitis; thrombosis of the suprarenal veins 
and acute hemorrhagic necrosis of the suprarenals. 

Almost the only two conditions characterized" by in- 
sufficiency of the suprarenals are hemorrhage and so- 
called adrenalitis. These two can be neither clinically 
or pathologically well differentiated in most cases. 
Adrenalitis is in the vast majority of cases not a true 
inflammation, as the term would imply, but a necrotic 
process, with which more or less hemorrhagic extravasa- 
tion is always associated. When both necrosis and hem- 
orrhage are present the two are generally the common 
results of the same condition, a vascular thrombosis. 
On the other hand, a number of the cases do present 
the clinical and pathologic features characteristic of 
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simple hemorrhage. Many of these eases, by reason of 
the suddenness of the insult and the frankness of the 
hemorrhage, are appropriately termed adrenal apo- 
plexies. T!he relation of suprarenal hemorrhage to acute 
hemorrhagic adrenalitis may be perhaps better under- 
stood by calling attention to the analogy that at least 
pathologically exists between them and pancreatic hem- 
orrhage and acute hemorrhagic pancreatitis. 

I have been able to find but two cases in which insuf- 
ficiency of the adrenals was dependent on other patho- 
logic lesions than hemorrhage or necrosis. One is the 
case of Janowski/ in which the two adrenals formed 
small abscesses above the two kidneys. The other is 
the case of Sturstberg,* in which suppuration was found 
in both suprarenals of a woman suffering from Pott's 
disease. It is not improbable that the glands in this 
case were tuberculous. 

Confining our attention then to necrosis and hem- 
orrhage, let us determine what the factors are bearing 
on these two conditions. The extraordinarily rich vas- 
cularization of the organs naturally impresses itself 
as standing in some relation to the frequency of hem- 
orrhage. The gland receives its blood supply from three 
sources, the aorta, the renal artery., and the arteries of 
the diaphragm. The arterioles and the capillaries from 
these sources form a dense network about the cells of 
the cortex, and the capillaries and venules finally unite 
in the inner cortical layers and medulla to form a 
single vein, which emerges at the hilus of the organ. 
The facts that such a large amount of blood unites to 
enter one vessel in the medulla, and that extensive hem- 
orrhages usually seem to occur into the medulla, sug- 
gest that simple alterations in the blood supply or 
biood pressure of the organ may be the determining 
factors in the production of the hemorrhage. This hy- 
pothesis has been put forth as especially applicable to 

1. Janowskl : Gaz. lek.. 1898, liy. 354. 

2. Stursberer: Deutsch. med. Wchnschr., 1904, zxx, 1406. 
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hemorrhage of the adrenals so frequently found in the 
new-born. The great increase in intra-abdominal pres- 
sure in the child, incident to the uterine contractions, 
and especially the pressure of the liver on the vena cava 
just above the suprarenals, have both been thought to 
be the direct cause of increasing the adrenal blood pres- 
sure sufficiently to induce hemorrhage. This view re- 
ceives some support from the fact that when hemor- 
rhage has occurred into only one of the suprarenals, 
it has been more frequently on the right than on the 
left (according to Hamill," fifteen times in twenty-four 
cases), and the right vein enters the vena cava directly, 
while the left enters it through the renal vein. These 
relations would naturally subject the vessels of the right 
gland to greater pressure than the left in the presence 
of any cause obstructing the return of venous blood'. 

Chronic heart disease associated with passive conges- 
tion has been observed in a number of cases, and has 
thus been looked on as a causal factor. 

Similarly,, chronic pulmonary disease has been not in- 
fresuently found in these cases, and it is possible that 
the chronic passive congestion resulting therefrom 
has been an active factor in the production of hemor- 
rhage. 

A certain number of cases have been observed in 
which death has resulted after the occurrence of phe- 
nomena tending to a great increase in blood pre^ure, 
and in which, at autopsy, hemorrhage of the supra- 
renals was found. A striking example of this is a case 
reported by Ogle* of an epileptic dying after two weeks 
of almost continuous convulsions. At the autopsy 
hemorrhage into both suprarenals was discovered. I 
believe that it is not improbable that in some of the 
cases said to have manifested themselves clinically by 
convulsions these were the cause rather than the result 
of the hemorrhage, induced by the great increase in 

3. HamlU: Arch. PedJat.. 1901, xvlll. 161. 

4. Ogle : Tr. Path. Soc, London, 1863, xiv. 127. 
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blood pressure incident to the convulsions. Duckworth* 
refers to a case in which the paroxysms of coughing 
in a child with pertussis apparently induced hemor- 
rhages into both adrenals. 

The great tendency to hemorrhage throughout the 
body in asphyxia, in all probability as the result of 
venous engorgement, has caused it to be looked on as 
one of the possible factors in the production of supra- 
renal hemorrhages, especially in the new-bom. A fac- 
tor emphasized by Spencer® as responsible for the 
greater frequency of suprarenal hemorrhages in infancy 
is the normal delicacy of the blood-vessel walls in this 
period of life. 

Thus far we have dealt with only passive congestions. 
It has been asserted that active congestion also plays 
a role in the production of adrenal hemorrhage. One 
of the functions attributed to the suprarenal capsule 
is that of neutralizing toxins, and it is said that the 
functional activity of the gland in the presence of a 
toxic agent in the body so increases its blood supply as 
to lead to hemorrhage. 

It is doubtful, however, if it is alone by increasing 
the blood supply to the gland that infections and intox- 
ications act in inducing insuflBciency of the suprarenals. 
In a number of cases organisms have been isolated di- 
rectly from the adrenal glands, the seat of hemorrhage 
and necrosis. Klebs and Eppinger^ isolated an organs 
ism in several cases of suprarenal hemorrhage in the 
new-bom, which they called Mona hemorrhagica. 
Gaertner® isolated a bacillus resembling the colon bar 
cillus, and Riesman* the Staphylococcus albus and a-tt- 
reus from four out of six cases occurring within a short 
space of time. 

5. Duckworth : Twentieth Century Practice of Medicine. 11. 

6. Spencer: Tr. Obst. Soc, Lond., 1891, zxzUl, 203. 

7. Klebs and Epplnger: Boston Med. and Surg. Jour., 1891. 

8. Gaertner: Arch. f. Klnderh., 1895. 

0. Rlesman, quoted by Hamlll : Arch. Pedlat., 1901, zylll, 161. 
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Experimeinjtally,. hemorrhage and acute destructive 
lesions of the glands have been produced by Eoux and 
Yersin^® by inoculating rabbits and guinea-pigs with 
diphtheria bacilli; by Oharrin and Langlois^^ with the 
Bacillus pyocyaneus; and by Eoger^* with the bacillus 
of Priedlander. Pettit/* Pilliet" and Wibaud" have 
confirmied these results. Oppenhedm and Loeper** 
have produced similar results by. injecting the toxins 
of Priedlander's bacillus, of the diphtheria bacillus and 
the tetanus bacillus, as well as by arsenic, phosphorus 
and mercury. Practically the same results were ob- 
tained by Bernard and Bigart^^ in injecting various 
metallic poisons. 

Adrenal hemorrhage associated with general pur- 
puric eruption can be looked on only as a visceral mani- 
festation of a general hemorrhage tendency. As the 
purpuras of childhood are practically always infectious, 
the functional activity of the gland as the result of the 
infection, according to the above-mentioned hypothesis, 
probably increases its predisposition as a seat of hem- 
orrhage. 

Trauma does not seem to play a very important role 
in the production of acute destuctive suprarenal lesions. 
Id but two cases, those of Canton^® and Mattei," does 
trauma seem to have been the cause of the adrenal 
hemorrhage found subsequently at autopsy. The se- 
cluded, well-protected position of the adrenals is prob- 
ably the cause of its being so infrequently affected by 
trauma. 

10. Roax and Yersln : Ann. de I' Inst. Pasteur, 1889. 

11. Charrin and Langlols: Compt. rend. Soc. biol., 1806, Series 
10. Hi. 

12. Roger: Presse m6d.. 1894. 1. 35. 

13. Pettlt ; These de Paris, 1896. 

14. Pllliet : Arch, de physiol. norm, et path.. Series 5, F. 7. 

15. Wibaud : Etude des capsules surr^nales dans les maladies 
Infectieuses ezp4rimen tales, Brussels, 1897. 

16. Oppenbeim and Loeper: Arch, de mM. ezp4r.. 1901. ziil, 332. 

17. Bernard and Bigart : Jour, de physiol. et de path, g^n., 1902, 
It, 1014. 

18. Canton : Tr. Path. Soc. Lond., 1863, ziy, 257. 

19. Mattei : (Cas« 2) Sperlmentale. 1883. li, 386. 
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In the cases of Arnaud,^ Churton^^ and Dudgeon^^ 
adrenal hemlorrhage was apparently induced by severe 
surface burns. In Dudgeon's and Araaud's cases there 
were symptoms of adrenal insufficiency before death. 
This association suggests that which exists between sur- 
face bums and duodenal ulcer. Whether the adrenal 
lesion results from internal congestion, toxic products 
or embolism is quite as much open to question as the 
pathogenesis of duodenal ulcer. 

Suppurative inflammations of adjacent organs has 
apparently been the cause of necrosis and hemorrhage 
of the suprarenalfi, with the clinical signs of insuffi- 
ciency in three cases — my own and two of Amaud's.^' 
In one of Amaud's cases the neighboring lesion was an 
abscess of the liver, in the other a suppurating hydatid 
cyst of the liver. In all three cases thrombosis of the 
adrenal veins was apparently the immediate cause of 
the changes in the glands. It is possible that pneumo- 
nia acts in the same way in producing acute insuffi- 
ciency of the adrenals as to these lesions of neighboring 
abdominal viscera. 

The appearance of the gland varies with the nature 
and extent of tlie lesion. Simple hemprrhages usually 
occur into the medulla of the organ. If of small size 
the hemorrhage merely distends the cortex slightly, 
producing but little destruction of its cellular elements. 
If of larger size it may so distend the organ that the 
cortex forms but a thin shell enclosing a large blood 
cyst. Rayer^* records a case in which hemorrhage into 
a suprarenal gland resulted in a blood cyst weighing 
two kilos. Carrington'* reports a case in which the 
suprarenals were transformed into cysts the size of 
large oranges, and in Eoutier's^® ease 1.600 cubic centi- 

20. Arnaud: (Case 1) Arch. g€n. de m4d., 1900, cIxzztI. 

21. Churton: Lancet, London, 1886, i, 245. 

22. Dudfireon : (Case 2) Am. Jour. Med. Sc. 1904. cxxyli, 134. 

23. Arnaud: (Cases 2 and 3) Arcb. g6n. de m^d., 1900, clxxzvi. 6. 

24. Rayer: (Case 1) Journal de Texp^rience, 1837. 

25. Carrlngton : Tr. Path. Soc, London, 1885. xxxvi, 454. 
2& Itoutier: Bull. Soc. d'anat. de Paris, 1895, 78. 
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meters of a blackish-brown fluid were evacuated from a 
suprarenal, the seat of hemorrhage. At times the cap- 
sule of the gland ruptures, permitting the escape of 
blood either into the surrounding retroperitoneal tissues 
or into the peritoneal cavity itself. 

When hemorrhages are multiple and smlall ihofy are 
usually found in the cortex rather than in the medulla. 
In such cases more or less necrosis of the epithelial .ele- 
ments of the cortex is usually present. The necrosis 
and hemorrhage may be the common result of the same 
cause, thrombosis, or the necrosis may be either the cause 
or the result of the hemorrhage. Judging from the patho- 
logic features of my case, venous thrombosis results in ex- 
tensive necrosis with but slight hemorrhage. In such cases 
the gland presents macroscopicaJly a homogeneous, red- 
dish-brown appearance and a microscopic picture sim- 
ilar to that described in the above pathologic notes of 
my case. 

The fact that the lesions are at tim(es' limited more or 
less to either cortex or medulla has led to an attempt 
to classify the symptomatology' according to the involve- 
ment of one or the other of these parts. Experimental 
evidence indicates that the functions of the cortex and 
medulla are diflEerent. The medulla seems to supply 
the elements having to do especially with the preserva- 
tion of vascular tone, while the function of the cortex, 
aside probably from acting to an extent in a compensa- 
tory way for the medulla,, appears to be the furnishing 
of an antitoxic agent to the body. In the majority of 
the cases of sudden death in adrenal insufficiency the 
hemorrhage does seem to have occurred into the me- 
dulla, but we are hardly justified in deducing from 
this fact the conclusion that this result attends destruc- 
tion of only this portion of the gland. The functions 
of the adrenals are as yet too little understood and the 
limitations of the pathologic lesions involving them too 
poorly defined to warrant more than the statement that 
insults to the glands, regardless of their location or 
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extent, may call forth certain piofaund symptoms such 
a? will be described in the clinical discussion. 

A study of the literature reveald a number of ap- 
patently incongruous relatione requiring discussion. 
Numerous cases have been observed presenting the 
symptoms of acute suprarenal insufficiency in which 
only one of the glands was involved, the other being 
apparently normal. Why the compensatory action of 
the normal gland: should not be capable of abolishing 
these symptoms is beyond' the limitations of our patho- 
logic knowledge to say. It is not improbable that our 
means of study are incapable of discovering lesions 
which, without destroying the morphologic integrity 
of the apparently normal organ, yet seriously interfere 
with its functiona A number of cases (those of Addi- 
son,-' Goolden,?* Carrington,** Greenhow,^* and Mat- 
tei^*^) have been reported in which the symptoms of 
Addison's disease were presented and in which at au- 
topsy acute adrenal lesions were found. In all of them 
the diagnosis of Addison^s disease, as judged by the 
reported symptoms, is open to doubt, but even were it 
authentic it is rational to consider that a chronic de- 
generative process would only predispose the gland to 
hemorrhage or other acute process which by its promi- 
ence could obscure the recognition of the chronic 
changes. An interesting group of cases is that in 
which the signs of acute supraxenal insufficiency occur, 
followed shortly by death, and at autopsy the destruc- 
tive lesions of a chronic process are found in the supra- 
renals. 

In regard to such cases it must be emphasized that 
the degree of tissue destruction is not always a measure 
of functional incapacity, and it is very possible that 
only when the destructive process has reached a certain 

27. Addison : On the Constitutional and Local Effects of Disease 
of th« Suprarenal Bodies (Case 10). London, 1855. 

28. Goolden : Lancet. London, 1857. II. 266. 

29. Greenhow : Lancet, London, 1877. 1, 349. 

30. Mattel : (Case 3) Sperimentale, 1883, 11, 386. 
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degree, or involved certain elements, does it manifest 
itself clinically. 

Since, as above stated, hemorrhage of the suprar 
renalfl and acute hemorrhagic adrenalitis can not be 
strictly differentiated either clinically or pathologically 
in the majority of cases, I shall not employ these tw^o 
conditicma as a basis for classification. The symptoms 
presented resnlt from interference with the function of 
the adrenals, regardless of the agent inducing it. Even 
on the basis of the clinical phenomena I hesitate to at- 
tempt a classification for fear of confusing the reader 
in a maze of artificial grouping, for few of the caaes 
conform to one type entirely distinct from the others. 
However, on the basis of the preponderance of one or 
another group of symptoms, I think that the following 
classification will serve as a basis for clinical considera- 
tion. 

1. Cases of sudden onset with epigastric pain and 
tenderness,, vomiting, profound prostration, fedbleness 
and rapidity of pulse, coldness of extremities, lumbar 
tenderness, and at timies diarrhea, and abdominal dis- 
tention, followed within a few days by death. This is 
the symptom-complex that at times is called the peri- 
toneal type of acute insuflBciency of the adrenals, of 
which my case is a striking example. The literature 
of the subject contains a number of similar instances, 
among the most impressive of which are those of Sturs- 
berg,* Pritchard,*^ Mattei,'* Amaud,*^ Janowski^ and 
Sotti.** Ithe occurrence of the same group x)f flymp- 
toms in children is well exemplified by such cases as 
those of Batten,"^ Dudgeon,*^ and the two cases of Tal- 
bot ■• There is a striking resemblance between the 
cases of this type and many cases of acute hemorrhagic 
pancreatitis. Judging from the one case that I have 

31. PritchATd: LaDcet, London, 1890. i, 750. 

82. Mattel : BperimenUle, 1863, ii. 3. 

33. Arnaad: (Cmae 1) Arch. g^n. de m6d., 1900, clxxzvl, 6. 

34. Sotti: Policlinioo, 1908, zy. Sem. m«d., 1. 

35. Batten: Tr. Path. Soc, London. 1893. zHy. 

36. Talbot : St. Bath. Hosp. Rep., 1900. zzzyl, 207. 



Digitized by LjOOQIC 



202 

observed, the shock is more profound, the lumbar ten- 
derness more acute, and the epigastric pain and vomit- 
ing less pronounced in adrenalitis than is usually the 
case in acute hemorrhagic pancreatitis. 

2. The asthenic type, in which the predominant fea- 
ture is a profound asthenia ending within a few days in 
death. Instances of this type have been reported by 
Qreenhow,^* Murray,'^ Sicard'® and- Voisin and Nor- 
ero,'* all occurring in adults. In Sicard's case the 
asthenia was so pronounced as to give the case the ap- 
pearance of an acute bulbo-spinal myasthenia. Inter- 
esting cases resembling those included in this group, 
except for their duration, are those reported by March- 
and,*^ and Bernard and Heitz.*^ In Marchand's case 
the duration was three months, in Bernard and Heitz's 
case five months. In both of them there was an ex- 
treme degree of asthenia, and at autopsy simple atrophy 
of the adrenals was found in both cases. Bernard and 
Heitz employ their case to justify them in originating 
a condition which they termi subacute insuflficiency of 
the suprarenals. 

3. The nervous type, in which the predominant 
s}Tnptoms have been either convulsions^ as in the cases 
of Portal," Valleix," Parrot" and Droubaix;" or 
coma, as in the cases of Amaud,** and Laginel-Lavas- 
tine;*' or delirium, as in the cases of Mattei*® and Riba- 
deau-Dumas and Bing;** or a typhoid state, as in the 

87. liurray : Tr. Path. Soc., London, 1870. xxi, 395. 

38. Sicard : Bull. Soc. m4d. d'hOp. de Paris, 1904, zxl. 848. 

39. Yolsln and Norero: Bull. Soc. d'anat. de Paris, 1906, Ixxzl, 
820. 

40. Marcband: Dcfutscb med. Wcbnsch.. 1903. xxlz. 

41. Bernard and Heltz : Tribune m«d.. 1904, New Series 11. 325. 

42. Portal, quoted by Lleutaud : Hlstorla anatomlca. 1769, 1, 285. 

43. Vallelx : Cllnlque des maladies des enfants nouveau-n^s (Case 
22), Paris, 1838. 

44. Parrot: (Cases 10 and 11) Arch. g6n. de m4d., 1872, xlz, 257. 

45. Droubalx. Th^se 6a Paris (Case 1). 1887. 

46. Amaud : (Case 4) Arch. g6n. de m6d., 1900. clzxzyl. 5. 

47. Lalgnel-Layastine : Bull. Soc. anat. de Paris. 1902, Ixzyll. 

48. Mattel: (Case 1) Sperimentale, 1883, 11. 386. 

49. Rlbadeau-Dumas and Blng: (Case 2) Bull. Soc. anat. de Paris, 
1904, Ixxlx. 477. 
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cases of Virchow'*® and Kohler.*^^ These varied symp- 
toms have been noted in children, as well as in adults. 
In some of the cases in which convulsions have been a 
predominant feature I think it not improbable, as men- 
tioned above, that they were the cause rather than the 
result of the injury to the adxenals. 

4, Cases of sudden death. In this group I include 
the cases of sudden death in which at autopsy nothing 
except a destructive lesion of the adrenals, usually 
hemorrhage, has been found. It may be thought pre- 
sumptuous in such cases to conclude that the sudden 
death was due to the adrenal lesion, but, realizing from 
experimental evidence and fromi the clinical evidence 
of the more protracted cases how profound an influence 
destruction or injury of the suprarenals has on life, I 
think that it is a justifiable inference. This I believe 
to be true of still-bom infants in whom this lesion is 
found, as well as in cases of advanced life. Instances 
of this type have been reported by Bayer'*^ and Good- 
hart,*^* and HamilP has collected the cases occurring in 
still-bom infants and children reported up to the year 
1900. 

5. Cases occurring in association with a purpuric 
eruption or hemorrhages into the abdominal viscera. 
Numerous cases of this type occurring in children arc 
reported in the literature. I have been able to find 
none occurring in adults. Undoubtedly the hemor- 
rhage into the suprarenals in these cases is but a mani- 
festation of the general hemorrhage tendency as a result 
either of infection, or, in some cases^ possibly of 
asphyxia. The English clinicians have been inclined 
to look on these cases as possible instances of hemor- 
rhagic smallpox^ especially by reason of the fact that 
many of the affected children have been unvaccinated. 

50. yirchow, quoted by Lancereau : Diet, cfucycl. d. sc. m6d., 1875, 
ill. 155. 

51. Kohler: Diet, encycl. d. bc. m«d., 1875. ili» 155. 

52. Rayer, quoted by Roger : Jour, de l'exp6rlence, 1837. 

53. Goodhart : New Sydenham Soeiety's Atlas of Pathology, 1879, 
11. 50. 
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As there is little else than this one fact in support of 
their view, I think it can not be looked on as a probable 
one. 

Though the majority of cases permit themselves to 
be classified in one or another of the above groups, 
mlany are characterized by symptoms common to more 
than one group. The cases in which purpura is a 
prominent feature may present symptoms characteristic 
of the peritoneal or nervous type, and cases of the 
asthenic or nervous type may, in addition, present some 
symptoms belonging to the peritoneal type. Of all the 
symptoms the most constant and one of the most char- 
acteristic is a greater or less degree of asthenia. Tlie 
occasional occurrence of two other symptoms is worthy 
of mention. They are tumor and the ligne blanche of 
Sergent.'* A tumor, the result of suprarenal hempr- 
rhage, is mentioned as having been determined during 
life in three instances. In one of Bayer's** cases it 
involved the right suprarenal and presented itself in 
the epigastrium. In Boutier's** case a hemorrhage into 
the left supraj*enal formed a palpable tumor in the left 
hypochondrium. In Leconte's*^^ case there was a fluctu- 
ating turner on each side of the mid-line extending 
from the hypochondrium to the iliac fossa. The ligne 
blanche, or white lines produced by stroking the skin 
with the finger, are looked on by Sergent as being of 
great diagnostic value in suprarenal insuflSciency. They 
result from the temporary constriction of the relaxed 
vessels. As the majority of observers agree that they 
can be produced in various conditions attended by vaso- 
motor relaxation, I can not agree with Sergent in look- 
ing on them as diagnostic of adrenal insufficiency. As 
clinical investigation has as yet advanced no pathogno- 
mjonic signs of the condition, it is only when the symp- 
toms observe a sufficiently characteristic grouping that 
the possibility of diagnosis during life can be enter- 

54. Sergent: Bnll. Soc. mM. d'hOp. de Paris, 1904, zzl, 3S0. 

55. Leconte: Thfise de Paris (Case 48) 1897. 
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tained. Attention should be paid to the relative fre- 
quency of the condition in the purpuras of childhood 
and during or shortly after the acute infectionB. An 
interesting case occurring subsequent to an acute infec- 
tion is that reported by Sicard of a woman, 33 years of' 
age, who shortly after the crisis in Friedlander's pneu- 
monia suddenly manifested a most profound asthenia; 
death occurred within a few days, and at autopsy hem- 
orrhage and' necrosis of both adrenals was found. Bous- 
set^* asserts that be has recognized acute insufficiency 
of the suprarenals as indicated by asthenia, arterial 
hypotension, nausea, vomiting and diarrhea eight times 
in the course of various acute infections and that he has 
caused their subsidence by hypodermic injections of 
adrenalin. Due consideration must be paid to the ap- 
parent etiologic relationship that exists between acute 
suprarenal insufficiency and inflammations in the neigh- 
borhood of the suprarenals, surface bums, chronic heart 
or pulmonary disease, and any phenomenon tending to 
a great increase in internal blood pressure. 

Such cases as those of Laignel-Lavastine and Amaud 
claim for acute suprarenal insufficiency a role of some 
im|portance as a possible factor in apoplectiform deaths. 
Both of the patients were men, respectively 36 and 47 
years of age, apparently previously in good health, who 
suddenly fell unconscious and died in coma, one twelve 
hours, the other forty-eight hours after the onset. At 
autopsy the only finding of note was hemorrhage into 
the suprarenals. When physiology has taught us more 
of the functions of the suprarenals, and when they are 
subjected to a more rigid routine postmortem examina- 
tion, and when clinicians pay more attention to the 
facts already determined, I have no doubt that acute 
suprarenal insufficiency will assume a position of 
greater clinical importance than it has maintained in 
the past. 

328 South Sixteenth Street. 

56. Bonssiiet : Gas. bebd. de m^d. de Bordeaux. 1904, xix. 
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THE BACTEBIOLOQIC DIAGNOSIS OF 
TYPHOID FEVER. 



FRANCIS W. PBABODY, M.D. 

BOSTON. 



Since the introduction of modem laboratory aids in 
the recognition of typhoid fever the problem which has 
presented itself to practitioners of medicine is that of 
more accurate and earlier diagnosis. The demand for a 
scientifically accurate diagnosis is the outcome of the 
realization that clinical typhoid fever is a disease which 
may be caused by any one of several bacteria. The 
physician of the present day is no longer satisfied with 
the old term "enteric fever." He tries, so far as possible, 
to supplement his clinical diagnosis by an accurate bac- 
teriologic diagnosis. The establishment of the bacter- 
iologic diagnosis is only to be accomplished by the isola- 
tion of the specific organism infecting the individual 
patient. 

From a practical standpoint the question of early 
diagnosis is of much greater importance than that of 
absolutely accurate diagnosis. To the individual patient 
early diagnosis in typhoid means better treatment, better 
nursing, perhaps more adequate domestic arrangements, 
and often a great saving of strength during the first 
stages of the disease. Moreover, if we are to have any 
specific method of treating typhoid, its value will prob- 
ably depend to a great extent on the time at which its 
use is begun. In the sphere of preventive medicine the 
problem of the early diagnosis of typhoid has lately as- 
sumed enormous proportions. That the typhoid patient 
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is a source of danger to the community during his sick- 
ness has long been recognized. That he may continue 
to disseminate the bacilli for months and years after his 
convalescence is now becoming a well-known fact. That 
he may, and doubtless often does, spread the contagion 
even before he shows any clinical symptoms of the dis- 
ease, that the disease is infectious during the incubation 
period, has, however, only recently been proved. Con- 
radi,^ in a striking article, has demonstrated that the 
typhoid bacillus can be isolated from the blood of an 
apparently healthy individual, and has shown that in 
eighty-five cases of so-called "contact infection'' the 
infection occurred in 58 per cent, of the cases during 
the first week. In the fight to limit the spread of ty- 
phoid fever the task of isolating and controlling the late 
dangerous cases, the chronic bacilli carriers, falls to a 
great extent on the public health authorities. The de- 
tection of the early bearers of contagion must, however, 
be the duty of the individual practitioner. 

Although the bacillus of typhoid fever may be isolated 
from various sources, the only methods which have 
proved themselves to be of considerable value are the 
examinations of the urine, the stools and the blood. The 
first of these — the urine — ^has never come into special 
prominence as a routine procedure. The organisms can 
be isolated from the urine in about 25 per cent, of the 
cases, and often early in the disease; but this percentage 
of favorable results is hardly sufficient to warrant the 
method being used very extensively. 

The examination of the stools as a diagnostic measure 
in typhoid appeared at one time to have a brilliant 
future. The conception of the disease as an intestinal 
infection went hand in hand with the idea that the 
dejecta swarmed with typhoid bacilli. The first diffi- 
culty encountered was the necessity of differentiating 
the typhoid from the colon bacillus. In answer to thi& 
need there was brought forward a long series of special 

1. Dentscb. med. Wcbnecbr., 1907, p. 1684. 



Digitized by LjOOQIC 



208 

culture media on which these organisms could be dis- 
tinguished from one another with more or less accuracy. 
Some of these media were difficult to use, others com- 
paratively simple. All of these methods, however, for 
their success depend on being used by skilled bacteriolo- 
gists; and even so, the results obtained by them have 
not, on the whole, been favorable. In the hands of some 
observers they have done well, and there are many series 
of cases in which the bacilli have been isolated from a 
large percentage of the stools. Other equally good 
workers have failed to confirm these results and have 
only been able to find them in a comparatively small 
proportion of their cases. The conflicting reports as to 
the frequency of the presence of the bacilli in the feces 
are, however, at least partially explained in the light of 
our present knowledge of the disease. If, instead of re- 
garding typhoid as a primary intestinal infection, we 
regard it as a primary septicemia, which usually has 
secondary intestinal lesions, with a secondary infection of 
the gall bladder, the uncertainty of finding the organ- 
isms in the stoola is more easily accounted for. There is 
good reason to believe that the intestine and its contents 
form a very poor culture medium for the typhoid bacillus, 
for autopsy may show a gall bladder with bile so infected 
with typhoid bacilli that a single drop will give hun- 
dreds of colonies, while cultures from just below the 
ampulla of Vater, and from the intestinal contents at 
different points down to the cecum, will not show the 
presence of a single typhoid colony. It is possible, on 
the other hand, that the organisms growing in the gall 
bladder from time to time may be discharged into the 
intestine in such large numbers that many of them sur- 
vive the passage of the intestine and may be isolated 
from the feces. It is a clinical fact that many negative 
examinations in a case may be followed finally by a pos- 
itive examination, thus making the element of luck a 
prominent factor in the value of the process. The dif- 
ferent results obtained by various observers may be ac- 
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counted for also in some degree by the viability of the 
special race of organisms infecting the case. It is prob- 
able that some races of the typhoid bacillus are much 
more resistant to the hostile conditions in the intestine 
than are others. An analysis of the causes in which the 
organisms have been recovered from the stools shows that 
this method of diagnosis may often be useful in early as 
well as in late stages of the disease, but the difficulty of 
the technic, together with the relative uncertainty of 
the results, makes the method of comparatively small 
value as a routine procedure. The examination of the 
stools is, on the whole, chiefly important in the recog- 
nition of chronic bacilli carriers. 

If typhoid fever is primarily a septicemia, it is nat- 
ural to seek for the first signs of the disease in the blood 
itself. Since Castellani^ first isolated the typhoid bacil- 
lus from the blood of a patient in 1899 the numbers of 
workers with blood cultural methods has shown a steady 
increase from year to year, and the literature on this 
branch of diagnosis has lately exceeded any other. 
Whereas the first reports on the subject were rather of 
bacteriologic and pathologic interest, the larger series 
of cases which have since been collected have shown that 
the method is of clinical value as well, and have begun 
to establish it on a practical basis. 

The technic which has been most commonly used in 
making blood cultures has been thoroughly to clean 
the patient's arm and to take with a syringe about 10 
C.C. of blood from one of the veins at the bend of the 
elbow. The blood is then distributed into several flasks 
of bouillon and diluted by the medium to such an ex- 
tent that its bactericidal properties are overcome. Al- 
though this method has given excellent results in many 
hundreds of cases, there is no wonder that it has never 
become a routine procedure outside of a comparatively 
few large hospitals. It is distinctly a laboratory rather 

2. Zentrlbl. f. Bakt., 1902, zxxi, p. 477. 
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Ihan a clinical method. Apart from the necessity of 
having a more or less trained bacteriologist to work out 
the culture, there are marked objections to the method 
itself. The culture medium is too bulky; it is often 
inconvenient to carry flasks of bouillon to the bedside. 
Then the technic of drawing the blood is not always 
simple. In fat persons, or in those with small vessels, 
it is at times almost impossible to insert the point of 
the needle into a vein. Of more importance, however, 
is the fact that to the patient and to the family the 
method must always appear to be a somewhat radical 
procedure. This is alone sufficient to limit the extent 
to which even a measure of recognized value will be 
used as a routine practice. 

In order that any diagnostic method shall be ac- 
cepted by practitioners in general, it must be stripped 
of all its technical difficulties and reduced to its sim- 
plest terms. Toward the accomplishment of this, and 
toward making the blood culture a practical aid in the 
diagnosis of typhoid fever, there has been much ad- 
vance in the last few years. The first step of impor- 
tance was the introduction by Conradi,* in 1906, of 
ox bile as a culture medium to replace bouillon. The 
peculiar advantage claimed for the new medium was 
that the bile salts prevent the coagulation of blood and 
the formation of bactericidal elements in the blood 
serum. Whether or not this explains the whole of the 
action of bile has been doubted. However, from the 
frequency with which the gall bladder is found infected 
at autopsy, and from the fact that in chronic bacilli 
carriers the gall bladder is the usual seat of infection, 
it is evident that bile must be especially well suited for 
the growth of the typhoid bacillus. By Conradi's 
original method, test tubes containing a mixture of ox 
bile with peptone and glycerin were used. The pep- 
tone was added to increase the growth and to aid in 
preventing coagulation of the blood. The glycerin was 

3. Dentsch. med. Wcbnschr., 1906, p. 58. 
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to limit the growth of saprophytes. Kayser,* how- 
ever, later demonstrated that as good results can be 
obtained from the use of pure ox bile alone, and he 
showed that if the blood added to the medium contains 
even as few as 2 or 4 bacilli the cultures after incuba- 
tion will give a profuse growth. Working on another 
line toward a practical blood-cultural method, Milller 
and Graf** have reported a series of cases in which they 
used small amounts of coagulated blood sent to the 
public laboratory for agglutination tests. After sepa- 
rating the clot from the serum, they used the latter for 
the agglutination, and the former they rubbed over the 
surface of Drigalski-Conradi plates. The plates were 
then incubated, and in 360 cases, including convales- 
cents and chronic bacilli carriers, they were able to 
isolate the organism in 110, including 10 cases of in- 
fection with the paratyphoid bacillus. The disadvan- 
tage of such a plate method is that there is no increase 
in the number of organisms, and if not numerous they 
might be overlooked or overgrown by saprophytes. For- 
net* has devised a method analogous to that of Kayser, 
in which he also uses the clot of blood sent in to be 
tested for the agglutination reaction, planting it in bile, 
and examining the culture after incubation. Of a 
series of 19 cases, 14 gave positive results. It is not 
expected that this will replace the technic of Conradi 
and Kayser, but it is a valuable method when it is impos- 
sible to get the uncoagulated blood into bile. 

Of these various simplified blood cultural methods, 
one of the most satisfactory is the use of the medium 
of Kayser with small amounts of blood obtained from 
the patient^s ear.'' The technic is as follows : The lobe 
of the ear, after being carefully cleansed with sterile 
gauze and alcohol, is pricked rather deeply with a 
small lancet-pointed knife, the blood ?queezed out drop 

4. Kayser : Mttncb. med. Wchnschr., 1906, pp. 823 and 1953. 

5. Zentrlbl. f. Bakt., 1907, xlUl, p. 856. 

6. MOncb. med. WcbDSCbr., 1906, p. 1053. 

7. Peabody: Arcb. Int. Med., 1908, 1, p. 149. 
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by drop, and allowed to run into a test tube containing 
about 5 C.C. of plain, sterile ox-bile. It is usually easy 
to collect 2 c.c. of blood without any inconvenience to 
the patient. The mixture of blood and bile is then 
placed in the incubator at 37® C. for from 12 to 15 
hours, after which a few loopfuls are transferred to a 
tube of LoflBer's blood serum. In some cases, examina- 
tion of a drop of the original bile culture after incuba- 
tion shows the presence of a motile bacillus, but more 
often this is better demonstrated in the water of con- 
densation of the blood-serum tube after about five 
hours. The presence of a motile bacillus is in itself 
excellent evidence in favor of an infection by one of the 
typhoid group; but in order to prove the organisms it 
is customary to test them for their cultural characteris- 
tics and for the agglutination reaction. 

That this simplified method is one of clinical value 
has been proved many times. At the Massachusetts 
General Hospital, where it has been used as a routine 
measure in all cases of typhoid during the past few 
months, it has been the means of establishing the diag- 
nosis in 55 of 82 cases examined. In 28 per cent, of 
the cases the culture gave the diagnosis before the ag- 
glutination test. In the first week the culture was 
positive in all of 17 cases; in the second week, in 70.2 
per cent, of 37 cases, and in the third and fourth 
weeks, in 42.8 per cent, of 28 cases. The agglutination 
test was positive in 52.9 per cent, of the cases in the 
first week, in 67.5 per cent, in the second week, and in 
82.1 per cent, in the third and fourth weeks. The 
results are similar to those obtained in larger series of 
cases, in which the old method of taking a greater 
amount of blood from a vein has been used. 

It is thus evident that in the ox-bile culture method 
we have a measure of considerable diagnostic impor- 
tance in the early stages of typhoid fever. It is, more- 
over, a method which can be used, not only by trained 
bacteriologists, but by any practitioner. When a man 
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can not do his own bacteriologic work the culture may 
be sent to a laboratory to be worked out. In Germany 
some of the large chemical firms have put on sale tubes 
of bile so sealed that they can be sent through the mail 
to the public laboratories^ where the cultures are incu- 
bated and the diagnosis made in the same way in whicli 
the public health laboratories in this country perform 
the agglutination reaction. The physician merely has 
to prick the patients ear, collect the blood, and put the 
tube in the mail. The technic is thus only slightly 
more troublesome than that of the Widal reaction, and 
when it is considered how valuable the method is in 
making an early and accurate diagnosis it would seem 
that the blood culture must assume a major role in the 
future. 

Of all laboratory methods in the diagnosis of typhoid 
fever there is none which has been used so extensively, 
or has given such excellent results in the hands of many 
clinical observers, as has the agglutination reaction. 
That it has been generally adopted the world over is due 
to its high degree of accuracy combined with its sim- 
plicity. The establishment of public laboratories, 
where samples of blood are examined for individual 
practitioners, has brought the test within the reach of a 
vast number of physicians. While, however, the reac- 
tion has proved itself of inestimable value, there are 
certain important drawbacks to its use. The chief of 
these is that the agglutination reaction is often late in 
making its appearance. It is frequently not obtained 
during the first week of the disease, and while it is 
present in about three-quarters of the cases during the 
second week, it may be delayed much longer, and even 
into convalescence. Its value is, therefore, limited at 
the very period in the disease in which a diagnostic test 
is most needed; for while it is often comparatively 
simple to recognize typhoid fever in its later stages, it 
is at the onset, during the first week, that the most 
doubt arises, and it is in the early days of the disease 
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that the danger of contact infection is probably greatest. 
Moreover, there are certain atypical cases in which the 
reaction is never obtained. Next to the lateness of the 
appearance of the agglutination test, it« greatest disad- 
vantage is that it is not absolutely specific. It does 
not always give an etiologic diagnosis. That an agglu- 
tination of the typhoid bacillus may be produced by the 
serum of a patient infected with one of the paratyphoid 
bacilli is not of great clinical importance; but that the 
test may be obtained in cases in which the etiologic 
organism is the pneumococcus,'' the Bacillus proteus,^ or 
some other organism not closely allied to the typhoid 
group, is a fact not to be neglected. The exact per- 
centage of error in the agglutination test it is, of course, 
impossible to calculate. That it is, however, a very ap- 
preciable error any one who has had occasion to use 
the test extensively must realize. In spite of the fact 
that the agglutination reaction is in itself by no means 
an ideal diagnostic measure, it is of tlie utmost value 
in certain cases, and especially so when taken in con- 
junction with the blood culture. In the early stages 
of the disease, before the agglutination test is positive, 
the diagnosis is made in most cases by the culture : and 
in the later stages, when the organism can no longer be 
isolated from the blood, the agglutination reaction is 
usually present. Thus the one test is supplemented by 
the other, and in these two comparatively simple clin- 
ical methods — the agglutination test and the blood cul- 
ture in ox bile — we have the means of making an accu- 
rate diagnosis of typhoid fever, in the great majority 
of cases, at any stage in the course of the disease. 

DISCUSSION. 

Da, R. L. Jones, Nashville, Tenn.: One of the most im- 
portant additions to our knowledge of the subject of typhoid 
fever made in recent years is the means for an early diagnosis, 
which has been made practicable for us by Dr. Peabody. He 
will place us under still further obligation if he will make the 

8. Zeit. f. kiln. Medlzin* 1005, p. 27. 
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technic clearer. I have been engaged in this work and have 
had to work out some of the technic myself. Does the kind 
of ox bile used make any difference? I find that it is quite 
different when you get a steer in good condition whose bladder 
contains considerable bile; the bile will be of a bright green 
color, while that from a cow or steer not in good condition 
is more apt to be of a golden yellow color. Butchers tell me 
that this is the rule. This bright green bile if kept some time 
will change to the golden yellow color, and I have found that 
it takes the typhoid organisms longer to develop in the golden 
yellow bile. If Dr. Peabody uses fresh bile I would like to 
know how fresh; how long it will keep after sterilizing; and 
if there is any method by which we can keep it indefinitely 
in stock. 

Db. Francis W. Peabody, Boston: I can only say that we 
have never had any trouble at all. We have taken the bile 
from several different animals and used it as it came from the 
slaughter-house. Lately we have been using pig's bile, which 
seems to give as good results. As to keeping the bile after it 
is sterilized, we have had no difficulty on this point, and have 
used successfully bile that was four months old. It was 
sterilized as soon as it came from the slaughter house, kept 
in bulk in the ice chest, and put into test-tubes as it was 
needed. 
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The obscurity of the origin of a large percentage of 
typhoid fever outbreaks led many observers to the sup- 
position that perhaps some saprophjrtic member of the 
colon group might change under bad hygienic condi- 
tions to the typhoid bacillus. 

Further investigation revealed the fact that a small 
percentage of persons after recovering from typhoid 
fever pass typhoid bacilli in the urine. The attack of 
typhoid fever in some of these cases had been a number 
of years before. Continued examinations showed that 
these cases were comparatively rare, and it did not 
seem possible that they could account for all outbreaks 
of typhoid fever, where one could not trace the infection 
to those having the disease. 

In 1902 von Drigalski and Conradi found typhoid 
bacilli in stools of four persons who had had no typhoid 
fever symptoms, but had been in contact with typhoid 
patients. Soon it was found that a number of typhoid 
convalescents continued to pass typhoid bacilli for long 
periods after recovery. Examinations of persons who 
had had typhoid fever years before revealed the remark- 
able fact that 1 or 2 per cent, of them were passing 
typhoid bacilli, sometimes in enormous numbers. The 
knowledge that the gall bladder had been found infected 
at operations for calculi suggested this as the source of 
the bacilli. 

A number of autopsies or operations have since been 
held on these typhoid bacilli carriers and proven this to 



Digitized by LjOOQIC 



217 

be the case. Thus, Levi and Kayser reported, in 1906, 
a case of a woman, 49 years old, who had had typhoid 
fever in 1903 and made a good recovery. In 1906 the 
woman died from some other disease; autopsy was 
held nineteen hours after death. Typhoid bacilli were 
present in the liver, in the wall of the gall bladder and 
inside a number of calculi. 

Kayser reports that in Strassburg during the year 
1904-5 13.5 per cent, of all cases of typhoid were traced 
to 6 of these typhoid carriers, all of whom were women 
and gave histories of having had typhoid from one to 
27 years before. 

A large number of cases of typhoid fever have now 
been traced to these chronic bacilli carriers. Thus, 
Lentz states, in 1905, that seven physicians had then 
reported typhoid cases from bacilli carriers. The first 
reports the case of a patient who had had typhoid 3 
years before, who was known to cause 2 cases of ty- 
phoid; the second reports 4 typhoid carriers, who had 
had typhoid as long ago as 42 years, 15 years, 13 years 
and 12 years, respectively. To these 4 were traced 12 
cases of typhoid. The third reports a typhoid carrier 
who had typhoid 19 years before, who caused 6 cases of 
typhoid. The fourth reports a carrier who had had 
typhoid 1% years before, but to whom no cases had 
been traced; the fifth had a patient who had had ty- 
phoid 17 years before and had caused 27 cases; the 
' sixth had a patient who had had typhoid 10 years before 
and had caused one other case, and the seventh reported 
a bacilli carrier who had had the disease 17 years before. 
To this last individual 2 cases were due. 

Out of 400 recorded typhoid patients Lentz found 
that 6 retained the bacilli at the end of periods ranging 
from 3% to 13 months. Klinger examined the feces 
of 1,700 healthy persons who had never knowingly had 
typhoid and found bacilli in 11. 

When the bacilli were in the stools of typhoid car- 
riers, Lentz found that he could not get rid of them by 
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any treatment. Their retention is due, he thinks, to 
faulty metabolism and concomitant chronic disease. 
Faulty care during convalescence may also be a cause. 

He notes the predominance of women who are car- 
riers over men, and especially married women who have 
borne children. 

In most cases, the bacilli are present in great num- 
bers. Lentz suggests that the gall bladder may not be 
the only source, but that the appendix and the deeper 
folds of the intestine may also be involved. 

In conclusion, he suggests the following procedures 
for controlling these carriers. These, as we note later, 
can hardly be carried out except in special cases. 

1. Disinfection of stools. 

2. Disinfection of privies. 

3. Police notification. 

4. Bacteriologic control of stools. 

5. Prevention of any occupation in which the carrier is in a 

position to infect others. 

INVESTIGATIONS ON TYPHOID CARRIERS AT THE RE- 
SEARCH LABORATORY DEPARTMENT OF HEALTH. 

History. — On March 20, 1907, a cook was brought to the 
laboratory to have the feces and urine examined. The history 
as developed by Soper revealed the fact that during the past 
eight years she had been employed in eight families and in 
seven of these typhoid fever had broken out within a few 
weeks or months of her arrival. In all twenty-six cases and 
one death occurred. Just before her removal to the Depart- 
ment of Health two cases had developed in the family where 
she resided and one patient died. Bacteriologic examination 
revealed the fact that fully 30 per cent, of all the bacteria 
voided with the feces were typhoid bacilli. The urine was 
negative. Careful cultural and agglutination tests showed 
that they differed in no respect from bacilli obtained from 
acute cases. The repeated outbreaks occurring after her 
entrance in families were in themselves proof that the viru- 
lence of the bacilli had remained intact. A curious feature 
of the case is that the woman denies that she ever had 
typhoid fever. 

Treatment. — ^This woman has now been isolated for sixteen 
months. Weekly examinations of the stools have usually 
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revealed large numbers of bacilli, but there have been several 
intervals when for one or two weeks no bacilli could be de- 
tected. Treatment by intestinal antiseptics has proved im- 
availing. Hexamethylenamin in doses gradually increasing 
from 100 up to 150 grains a day, has been given for a num- 
ber of weeks with no apparent benefit. Attention to diet and 
mild laxatives has caused the greatest reduction, but not their 
disappearance. This suggests that the chief development of 
the bacilli is in the intestines, although the source of the 
infection is probably the gall bladder. 

The case of this woman brings up many interesting 
problems. Has the city a right to deprive her of her 
liberty for perhaps her whole life? The alternative is 
to turn loose on the public a woman who is known to 
have infected at least twenty-eight persons. 

This case excited so much interest that I decided to 
have tested a large number of typhoid convalescents. 
Eight months ago there was a typhoid epidemic at the 
Trenton (N. J.) State Insane Asylum. Through the 
courtesy of those in charge we were able during the 
past two months to examine the stools from 52 persons 
who had had typhoid at that time; 2 of these were 
found to pass numerous typical typhoid bacilli. Their 
stools were examined four times. One case revealed 
the bacilli only once, in the other they were present 
every time. 

The stools of 16 persons, who had suflPered from 
typhoid fever in the Long Island State Asylum, were 
sent us by Dr. Agnew. Two of these persons were 
found to pass abundant typical typhoid bacilli; they 
had been well for six months. Eepeated examinations 
have shown the constant presence of bacilli. One of 
these cases was so mild that the patient was only sus- 
pected to have typhoid fever because of the other cases 
of that disease. 

We have, therefore, found typhoid bacilli in the 
stools of 6 per cent, of the cases examined. During the 
autumn we examined the feces from a large number of 
persons convalescent from typhoid fever just as they 
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left the hospital and found bacilli persisted in the feces 
of about 5 per cent. It was impossible to trace the cases 
further. 

The bacteriologic tests were carried out by Dr. Good- 
win and the Misses Noble and Pratt, bacteriologists 
in the Research Laboratory. 

These examinations indicate that the same conditions 
exist in this country as in Europe, namely, that fully 2 
per cent, of persons who have had typhoid fever are 
typhoid bacilli carriers. A few of these pass infected 
urine, but most infected feces. Besides these there are 
numerous typhoid carriers who never had typhoid fever, 
but through contact with infection became bacilli car- 
riers. Probably at least one in every five hundred 
adults who have never knowingly had typhoid fever is a 
typhoid bacilli carrier. 

As the majority of typhoid cases occur before the age 
of 30, the average life of typhoid carriers is fully 25 
years, so that we have the somewhat appalling fact that 
there are at least half as many recovered typhoid cases 
who are typhoid carriers as there are typhoid cases in 
any year and that, besides these, there are the typhoid 
carriers, such as the cook, who have never had typhoid 
fever. 

What can we do under these circumstances ? It seems 
to me that any attempt to isolate and treat on bacterio- 
logic examinations, as Ijcntz suggests, is impracticable. 
When we consider that the presence of the bacilli in the 
feces of these persons is often only occasional, that 
numerous contact cases having never had typhoid fever 
would not come under suspicion, and finally, the im- 
practicability of isolating for life so many persons, we 
are forced to consider isolation utterly impracticable, 
except as in the case of the cook already described, 
where conditions increase the danger to such a point 
that an attempt at some direct prevention becomes an 
osontial. 
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We must, therefore, as before, turn to the more gen- 
eral methods of preventing infection, such as safeguard- 
ing our food and water, not only chiefly when typhoid 
fever is present, but at all times, for we now know that 
in every community, whether it be large or small, 
unsuspected typhoid bacilli carriers may always be 
present. 

DISCUSSION. 

Dr. Henry Albert, Iowa City, Iowa: A small epidemic of 
typhoid fever, traceable to a bacillus carrier, occurred in 
Cedar Falls, Iowa, last fall. It was an epidemic of thirteen 
cases of typhoid, occurring at about the same time in three 
families that lived in the same neighborhood. The water sup- 
ply was first investigated and it was found that these fam- 
ilies were using the ordinary supply of the city, the same as 
that used by a majority of the people. The water supply as 
the medium of infection having been ruled out, the milk sup- 
ply was next investigated and it was found that the families 
in which the cases of typhoid occurred all obtained their milk 
from one source, and that no other family in the city was 
supplied from this source. We then investigated more in 
detail as to the possibility of the contamination of the milk and 
found that the owner of the cow, who also did the milking, had 
had typhoid about fifteen months previously, but had not had 
a sign or symptom of typhoid since, or for more than a year. 
A bacteriologic examination of the urine and feces of this 
man was made and typhoid bacilli found in the urine in con- 
siderable nimiber. There was no evidence of an inflammatory 
condition of the kidneys or bladder. We felt reasonably cer- 
tain that the epidemic was caused by this bacillus carrier. 
Hexamethylenamin in the form of urotropin was given and in 
a few weeks the urine was free from the typhoid bacilli. I 
feel certain that other epidemics I have observed in the past 
were caused by individuals of this kind. 

Dr. William Litterer, Nashville, Tenn.: The subject of 
typhoid carriers is an exceedingly important one. I have in 
mind a patient who had typhoid fever one year ago. The 
patient subsequently developed a post-typhoid necrosis of the 
rib which was operated on by Dr. W. A. Bryan of Nashville. 
A sinus appeared and a large amount of pus exuded from this 
wound, something like four or five ounces a day. This condi- 
tion existed for three months, the patient growing weaker, 
rapidly losing flesh, and vague pains developed throughout the 
body. The surgeon requested that I isolate the organisms in 
said pus and make a vaccine according to the method of 
Wright. This I did and much to my surprise I found pure 
culture of the Bacillus typhosus in enormous numbers. I take 
this to be unique inasmuch as no other organism, such as the 
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pyogenic cocci or other bacteria could be found in this exuding 
sinus of over three months' standing. I made a comparative 
estimate of the number of typhoid bacilli in this pus and 
found that an ordinary platinum loop full contained nearly 
a half million of bacilli. This case could be rightfully con- 
sidered as one of a typical typhoid carrier and an especially 
dangerous one if the discharges from the sinus were not 
destroyed. Two months' injection with the autogenous typhoid 
vaccine produced very gratifying results. The patient is much 
stronger, gaining dteadily in weight and there is an absence of 
the vague pains throughout body. The sinus has almost 
healed, only about half a dram of pus exuding in the twenty- 
four hours. Recently I made another bacteriologic examina- 
tion and found only a few typhoid bacilli and some specimens 
of Staphylococcus pyogenes aureus. If the patient ceases to 
improve I intend to make a staphylococcic vaccine and inject 
this, with the typhoid vaocine. Dr. Park has called attention 
to the fact that many of these "carriers" have an infected gall 
bladder, and it has been suggested by some that, in order to 
cure this condition, a surgical operation would be necessary. 
It might be possible to try vaccine therapy in curing these 
conditions. 

Db. M. J. RosENAU, Washington, D. C. : I can not take Dr. 
Park's place, but feel sure that if he were here he would say 
that "typhoid Mary" refuses to submit to surgical interfer- 
ence. She is perhaps justified in this conclusion, because the 
gall bladder is not the only source of the typhoid bacilli that 
appear in the feces. Surgical interference therefore may not 
always correct the condition. Sometimes the feces of these 
carriers contain such large numbers of typhoid bacilli as 
almost to displace the colon bacillus; it seems that the typhoid 
bacillus may take up a natural habitat somewhere in the in- 
testinal tract indepedendent of the gall bladder. We have 
not been able to find a chronic bacillus carrier of this type in 
Washington. 
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I shall not attempt to review the many-sided subject 
of metabolism in typhoid fever, but shall devote the 
time to a brief discussion of one phase of the subject, 
which is of great importance, as well as of interest, both 
to the clinician and to the pathologic physiologist. 

During the course of the disease a typhoid patient 
loses from ten to sixty pounds, or even more, of his body 
tissue. This loss is divided among ^ater, subcutaneous 
fat and protein from the body fluids or cells. The loss 
of water we may leave out of consideration because wc 
know neither its amount or significance. Since the 
observation of Leyden^ in 1869 it has been believed 
that there is a retention rather than a loss of water 
from the body in fever. This belief is supported by the 
decreased quantity of urine and by the supposed decrease 
in the evaporation from the skin ; but few or no accurate 
data on this question are available, and no positive 
statements concerning it can be made. 

The burning of body fat may, in the absence of carbo- 
hydrates, and perhaps also other conditions, lead to 
varying degrees of acidosis, with an abstraction of 
alkalis from the tissues, and possibly in other ways 
may be of distinct harm to the patient. This is borne 
out by the clinical observation that fat individuals are 
comparatively poor subjects for typhoid fever, or for 

1. Arch. t. kiln. Med., 1869. y, 366. 
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that matter, for any infectious fever or for surgical 
operations. We have, however, as yet no good reason for 
believing that the metabolism of fat in fever is in any 
way different qualitatively from that in other conditions 
of undernutrition ; and it seems to me probable that the 
excretion of the acetone bodies occasionally recorded in 
typhoid fever is merely the result of a burning of body 
fat in the absence of sufficient carbohydrates — the fre- 
quently observed starvation acidosis. If this is true, 
acetone, diacetic and beta-oxybutyric acids will not be 
excreted by the typhoid patient who receives an abund- 
ance of carbohydrates. Aside from the production of 
organic acids in the burning of body fats, the mere loss 
of fat is probably of no great consequence. 

In addition to the loss of body fat there is a great 
loss of body protein in typhoid fever, and this is what I 
shall speak of in some detail. Many data are to be 
found in the literature as examples of the amount of this 
loss of protein. In a case reported by Leyden and 
Klemperer* there was a loss of 109 gm. of nitrogen, the 
equivalent of 3.2 kilos or seven pounds of pure muscle 
tissue in twelve days. In a case of Frederick Miiller* 
there was a loss of 86.4 gm. of nitrogen, the equivalent 
of 2.5 kilos or five and one-half pounds of muscle tissue 
in eight days. These are not very unusual figures; a 
loss of the equivalent of even one and one-half pounds 
of muscle tissue in a single day is not very rare. There 
are many reasons for believing that this febrile loss 
of protein from the body is a serious and dangerous 
proceeding. The emaciation, muscular weakness and 
decreased resistance, and the long convalescence are 
certainly in part the results of the loss of body protein. 
The amount of protein lost appears to bear a close re- 
lation to the severity of the disease, and Ewing believes 
that the pathologic processes concerned in the metabol- 

2. Yon r^yden : Handbuch der Ern&hrungsttaerapie, 1904, U. 
8. CoDg. t inn. Med.. 1902, p. 192. 
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ism of this body protein take a prominent part in de- 
termining the patient^s condition. Swing's* idea is 
that many of the phenomena of typhoid fever, especially 
in the severe and fatal cases, are due to an autointoxi- 
cation resulting from the "burning of thirty pounds of 
body tissue in three weeks" — and not directly to the 
endotoxins of typhoid bacilli. This idea is to some 
extent supported by the fact that the so-called nitrogen 
partition of the urine in severe or fatal cases is decidedly 
abnormal, and similar to those found by Wolf, Ewing 
and others in toxemia of pregnancy. Furthermore there 
are severe so-called toxic cases of typhoid fever which 
terminate with acute yellow atrophy of the liver, a 
condition which appears to be closely associated with a 
particular type of faulty protein metabolism. But aside 
from the possibility of its creating an autointoxication, 
the consumption and loss of body protein must be of 
great harm to the patient, both during the disease and 
during convalescence. 

The causes for this loss of body protein are apparently 
three in number. 

The first is partial starvation. An individual is ob- 
viously undernourished unless he absorbs from the 
digestive tract food of sufficient caloric value to equal 
the energy expended. Except by very difficult and ac- 
curate measurements it is impossible to know the amount 
of energy being expended by a particular patient, and 
few such measurements have been made on fever pa- 
tients; but we may readily calculate average figures 
which are satisfactory for practical purposes. 

At ordinary rest the heat and other energy expended 
by a normal individual receiving sufficient food is about 
thirty-three calories per kilo body weight. In fever 
there is an increased heat production, with an average, 
according to Krehl, of 20 to 30 per cent. Twenty-five 

4. Proc. Path. Soc. Philadelphia, 1903: paper befo'^ New York 
Acad. Med., New York Med. Rec, 1907. p. 637. 
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per cent, added to the thirty-three calories gives about 
forty calories, or, for a patient weighing seventy kilo- 
grams, or 150 pounds, 2,800 calories. This represents 
the minimum amount of energy which the average 
typhoid patient is expending in each twenty-four hours. 
If he does not receive food equivalent to this amount of 
energy he merely draws on his body tissues to make up 
for the deficit. Few or no typhoid patients receive 
enough food to maintain an equilibrium, and they 
consequently bum up for fuel varying amounts of their 
body fat and protein. 

Any physician can readily calculate the probable de- 
ficit with the diets he uses. The deficit in calories is 
usually about 50 per cent., and this, according to von 
Ifoorden's figures,* may be responsible for loss of 2 to 3 
gm. of body nitrogen per day. 

The two other causes for the febrile loss of body 
protein are the pyrexia and the action of the bacterial 
toxins. From the experiments of Linser and Schmidt,* 
Fritz Voit^ and Schleich,* we know that artificially rais- 
ing the body temperature causes an increase in protein 
metabolism. The pyrexia itself is therefore one of the 
causes for the loss of body protein; but the loss due to 
this cause can be prevented, just as the loss due to 
partial starvation, by the intake of suflScient food. 

The third factor is the so-called "toxic" destruction 
of body protein from the poisonous action of the bac- 
terial toxins on the body protein. This last factor is 
still open to discussion, but I am inclined to the belief 
that some such action does take part. It is, however, at 
present impossible to discuss the toxic destruction apart 
from the result of the pyrexia, because we can not dis- 
tinguish between the two when both are present, as they 
usually are in typhoid. The question which is of im- 

r>. Uandbucta der Pathologie des Stoffwechsels, 1906, 1, 497. 

6. Arch. f. klin. Med.. Ixxlx. 514. 

7. SitzuDgBb. d. Gesellsch. f. Morphol. u. Physiol. In MUnchen. 
1895. No. 2. 

8. Arch. f. ezp. Pathol, u. Pharmakol., iv, 82. 
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portance for the practical treatment of typhoid is, can 
the combined effect of the pyrexia and the bacterial 
toxins be prevented from causing a loss of body-protein? 
There are already some encouraging answers to this 
question. May,® working with rabbits infected with pig 
erysipelas, was able to decrease the febrile loss of body 
protein by carbohydrates ; though May later doubted the 
correctness of his first interpretation. Puritz^* worked 
on human typhoid in St. Petersburg, and his results 
led him to favor a liberal diet in this disease. His diets, 
however, were rich in protein and of only moderate 
caloric value, and were therefore, I believe, not well 
adapted for his purpose, which was to retard the loss of 
protein. Weber,^^ working with a sheep inoculated with 
an extract of glanders bacilli, was able wholly to pre- 
vent any febrile loss of body protein by giving the 
animal a liberal diet containing much carbohydrate. 
Leyden and Klemperer, on the other hand, conclude from 
their experiments on typhoid and pneumonia that, while 
a liberal diet is desirable, it is not possible to prevent 
the febrile loss of protein ; this view is generally accepted. 

Last summer Dr. Warren Coleman and I undertook 
in Bellevue Hospital, New York, a further study of thr 
extent to which the loss of body protein in typhoid fever 
might be retarded by dietetic means.^* Our results were 
on the whole very encouraging, in that we were able 
to diminish the loss of body nitrogen to a comparatively 
small amount during the fastigial temperature and were 
able to make patients gain body protein during the steep 
curve period of the disease. 

I need not here go fully into the reasons underlying 
our choice of diet, which is the opposite of that used by 
Puritz, and indeed the opposite, in some particulars, of 

9. ZtBchr. t. Biol., 1894« xzx. 1. 

10. Vlrchows Arch. f. Path. Anat.. 1893, cxxxl, 827. 

11. Arch. f. exper. Path., xlvll, 10. 

12. We are Indebted to Dr. Armstrong, medical superintendent 
of Bellevae Hospital, for placing the facilities of the hospital at 
cur disoosal. The experiments will be published elsewhere in 
detail. 
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the diets at present used in typhoid fever by most physi- 
cians. Our principle has been to have the diet contain 
a moderate amount of protein and the largest possible 
amount of carbohydrate. The reasons for choosing car- 
bohydrates as the basis of the diets were briefly as fol- 
lows: Carbohydrates are the strongest sparers of body 
protein in health, according to Voit, Lusk, Folin and 
others; and the experiments of May, Weber and Linser 
and Schmidt indicate that this sparing action takes place 
in fever as it does in health. 

TABLE OF COMPOSITION OP FOOD DURING EXPERIMENT 

SHOWN IN CHART. 

The numbers at the left refer to corresponding numbers on the "nitrogen 

balance" curve in chart. 
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725 
2750 

8706 

217 
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68.5 
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A large amount of fat is objectionable because of its 
tendency toward digestive disturbances and diarrhea; 
and the protein should be kept at the minimum effective 
amount because of its action in increasing the heat pro- 
duction (Rubner) and because of the large amount of 
work it throws on the intestine and the kidneys. 
The results from one of our cases are given in tlie ac- 
companying chart. Samples of the diets used are given 
in the table. 

Our results with other cases show essentially the same 
thing, although in some cases there was no gain, but a 
continued slight loss of one gram or so per day. On the 
high caloric diets, however, the patients were almost 
always in a condition not far from nitrogen equilibrium. 

Our results show, we believe, that the febrile loss of 
body protein, including the result of the three factors, 
undernutrition, pyrexia and the action of toxins, may 
be retarded and even wholly prevented, or compensated 
for. But the results show likewise how diflBcult this is 
to accomplish. It was only when we gave sixty to 
seventy or even eighty calories per kilogram — ^between 
3,000 and 4,000 calories — that the greatest sparing was 
observed. 

The important point is, however, that it is possible 
to give typhoid patients such liberal diets without, so far 
as our experience shows, producing any harmful results, 
but, we believe, with decided benefit. 

Having learned that it is possible to retard the febrile 
loss of body protein, we have still to decide whether it is 
desirable to do so in typhoid fever. 

There are many objections, some apparent and others 
real, and many formidable diflBculties ; but I know of no 
reason why we should not attempt to do all in this direc- 
tion that the circumstances will allow. Among the 
possible objections to liberal feeding in typhoid is the 
commonly supposed digestive limitation of these pa- 
tients. The digestion in typhoid fever undoubtedly has 
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its limitations, but they are not such as to prevent the 
proper absorbtion of amply sufficient food if given 
in the proper form. The experiments of von Hoesslin,** 
Leyden and Klemperer/* Puritz/* Folin^* and others 
show very positively that the average typhoid patient 
absorbs food from his intestine almost as completely as 
does the healthy individual. Only in the severest cases 
is the absorption very materially decreased. In the 
average case without profuse diarrhea the digestion of 
protein, fat and carbohydrate is within 10 or 15 per 
cent, of the normal. Folin,^* in his recent work on 
typhoid, has directly determined the degree of absorp- 
tion of carbohydrates and has found iti practically 
normal. 

What seems to me an objection to liberal feeding in 
typhoid fever is the effect of the protein in increasing 
the heat production. Bubner^*^ has shown how a strict 
protein diet in a dog may increase the heat production 
more than 50 per cent. The effect in a human patient 
could never be so great, but with the decreased heat loss 
in fever it is quite possible that this factor may be of 
considerable importance. This objection does not hold 
against the diets Coleman and I have used, but may 
apply to the high protein diets used by others. Carbo- 
hydrates have only a very slight effect in increasing heat 
production. 

The objection has been raised to the use of large quan- 
tities of carbohydrates, from the fear of fermentation 
and tympanites. I can only say that we have had no 
such experiences with the use of milk sugar or starch. 

The greatest practical difficulty that we have so far 
encountered in tliis work is the choice of food products. 
After trying or considering various carbohydrates we 
have used milk sugar almost wholly. This has the 
advantage of fermenting only with difficulty and of be- 

13. Virchows Arch. f. Path. Anat., 1882, Ixzxlz, 817. 

14. Unpublished experiments. 

15. Rubner: Die Gcsetze des Energleyerbraachs, 1902. 
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ing less sweet than cane sugar and much more soluble 
than any form of starch. Milk, diluted cream, and 
eggs have been used to furnish protein and fat. Cocoa, 
lemon juice, tea, coflfee and other things have been used 
as flavoring agents and as vehicles for milk sugar. 

The patients did not object to our diets more than to 
milk alone, but some persuasion was frequently neces- 
sary to get them to take the amounts of food found to 
be necessary for our purposes. 

The full advantages as well as the possible objections 
to our dietetic plan have still to be demonstrated; but 
there are a few reasons in favor of such liberal nourish- 
ment for typhoid patients which are worthy of consider- 
ation at this time. 

As I pointed out earlier, the average typhoid patient 
receives at present 50 per cent, or less of his energy re- 
quirement. This is half starvation; and we know that 
starvation is harmful even in health, in that it leads to 
weakness and to an increased susceptibility to many 
infectious diseases. If starvation is harmful in health 
why should it be beneficial in typhoid fever? During 
the course of typhoid fever great demands are constantly 
being made on the defensive power of the organism ; and 
it certainly does not seem probable that the patient will 
be as well prepared to meet those demands when in a 
starved or half-starved conditions as when he is being 
supplied with suflBcient energy in the form of food. 

It is a common laboratory observation that strong, 
robust, well-fed animals develop the strongest artificial 
immunity; and it seems fair to believe that we are 
assisting the patient to acquire his immunity to typhoid 
fever by keeping his nutrition at the highest possible 
level. Is it not possible that one of the factors deter- 
mining the outcome of the disease may be the state of 
nutrition in which the body cells are maintained? Re- 
tarding the loss of body protein should leave the patient 
at the end of the fever in better physical condition and 
so make possible a shorter convalescence. 
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This sort of reasoning is, however, largely specula- 
tive; and long experience alone can tell the true value of 
such treatment. We can merely say at present that it 
is possible by the means already outlined to retard and 
even to prevent the febrile loss of body protein. 

414 East Twenty-sixth Street. 

DISCUSSION. 
Db. Lawsence Litchfuxd, Pittsburg: During last summer 
I spent a great deal of time reading all I could find in the 
Surgeon General's Library on metabolism in typhoid, and 
from the crude experiments of Leyden, published in 1869, 
attempts made by increased feeding to prevent or control the 
loss of weight during the course of the fever, through the 
work of von Hosslin, whose classic article was published in 
1882, and the excellent work of von Ley den, Klemperer and 
others down to that of Ltithje, who published in 1902 the 
report of his successful attempts to establish a plus nitrogen 
balance during the period of steep curve, though with very 
high proteid feeding, this work of Drs. Shaffer and Coleman is 
unquestionably the best that has been done on the metabolism 
of typhoid up to the present time. 
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BALimOBK. 



There is no intention in this paper to endeavor to dis- 
cuss all the phases of the treatment of typhoid fever, 
but those will be considered about which there is the 
greatest difEerence of opinion or which deserve special 
emphasis. In the consideration of the handling of a 
patient with typhoid fever we must always have the 
individual in mind and care for him rather than treat 
a disease. No one method suits every patient any 
more than clothing made to one measurement fits every 
man. The man can exist whether the clothing suits 
his figure or not, but he is not garbed to the best ad- 
vantage. In the same way one method of treatment 
may bring a certain patient through the illness, but not 
in the easiest or best way. It seems to me that the 
importance of drilling this fact into our students should 
be more realized by those of us who are teaching 
therapeutics — ^and every clinical teacher must con- 
sciously or unconsciously be teaching something about 
the care of the patient — ^for there would be less of rule- 
of-thumb methods if individuality in treatment was the 
rule in the minds of each one of us. 

DIET. 

Much controversy has been waged over diet. Most 
of us have our own ideas and are not easily convinced 
that any others can be better. No matter what views 



Digitized by LjOOQIC 



234 

are advanced some one will disagree vigorously, which 
is by no means a disadvantage. This divergence of 
opinion is not surprising when we consider what a 
protean disease this is and as much so in the ways in 
which it is handled as in its manifestations. Many pa- 
tients will go through an ordinary mild attack with any 
reasonable kind of food, but I feel that in the attack 
of ordinary severity and in all severe attacks, the sim- 
pler the diet the better for the patient. Milk and 
albumin water are satisfactory, easily obtained and pre- 
pared, and cheap. We should always be careful to make 
certain that we are not giving contaminated milk. For 
the account of a good object-lesson as to the importance 
of this precaution a paper by Edsall* may be consulted. 
To these may be added the various modifications of 
milk, of which whey is specially useful, bouillon, strained 
gruel, ice cream, tea and coffee, and sometimes cocoa; 
this list really gives considerable choice. Emphasis 
should be laid on the value of whey in the dietary. In 
the conditions in which milk disagrees whey may be 
given with great advantage. The importance of care- 
fully watching the stools and being guided by them as 
to changes in the diet should be remembered. In all 
cases special emphasis should be laid on the giving of 
large amounts of water. Let one hundred ounces 
(3,000 c.c.) of urine a day be the minimum to be de- 
sired, and often it is better that larger amounts than 
this should be passed. Consider the experience of the 
Lakeside Hospital in Cleveland,^ where it was found to 
be a saving in the time of the nurses to have one nurse 
especially detailed to do nothing else than give water 
to the typhoid fever patients. There does not seem any 
evidence for the opinion held in some quarters that there 
is the possibility of harming the kidneys. The work of 
SoUmann and Hof mann^ speaks against this. The void- 

1. New York Med. Jour., 1905, Izxxi, 578. 

2. Gushing and Clarke: Am. Jour. Med. Sc, 1905, cxxlx« 187. 

3. Am. Jour. Med. Sc, 1905, cxxlz, 195. 



Digitized by LjOOQIC 



335 

ing of large quantities of urine does not seem to cause 
the patients any disturbance. There does not seem to 
be any danger of giving the circulation too much work 
to do in handling this fluid. One should use judgment 
if the myocardium is weak, but in a large series of cases 
no evidence of overloading of the heart was found. 

There are certain intestinal conditions in which there 
seems no question of the advantage of the simple diet. 
These are especially meteorism and perforation. With 
any tendency to tympanites, it is wise to give the sim- 
plest diet and not too much of it; when tympanites is 
present the diet should be reduced. Therefore, does it . 
not seem that on the simple diet there is less chance of 
its appearance ? I am of the opinion that liquid diet and 
large amounts of water are the surest preventives of 
meteorism. Certainly when this treatment is carried 
out the occurrence of meteorism is reduced to a min- 
imum, and the best treatment of meteorism is its pre- 
vention. If perforation occurs and operation is done 
early, it is a great disadvantage to have the intestines 
distended or full of material. We can count on a cer- 
tain percentage of perforations in any large series of 
cases, but we can not tell at the outset which ones are 
to perforate. 

TJnder the heading of diet reference must be made to 
the so-called predigested foods, which are so extensively 
used. Is their use justified or to be recommended? 
Many of the profession by their actions answer in the 
aflBrmative and the question comes as to how much 
justification there is for this belief. I would advise all 
those who have any doubts on this subject and those 
who believe in the value of these foods to read with an 
open mind the report* of the Council of Pharmacy and 
Chemistry of the American Medical Association on 
them. The main objections to their use may be thus 
summed up: 

4. Thb Joub. a. M. a., 1907. xlvlll. 1612. 
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1. They contain comparatively little nutriment. 

2. They may be directly injurious from the pres- 
ence of peptones or albumoses, which are of uncertain 
composition and may be toxic or become so. 

3. The presence of alcohol in them may be harmful. 

4. They are expensive. 

Clinically they certainly appear in some cases to up- 
set the stomach and cause diarrhea and distention. To 
give amounts of these foods which would go even a small 
way toward nourishing the patient, means the adminis- 
tration of considerable amounts of alcohol. If alcohol 
is to be given, it is better to give it as such and not as 
the constituent of one of these foods. 

That any one who knows their composition can persist 
in considering that they have some mysterious nutri- 
tive virtue is hard to believe; and yet how else can we 
explain the blind belief in their value, especially when 
we consider that they are "drug-store" foods and may 
have had some time to "ripen" before being used? 
Their cost is a- serious objection, especially when so 
little is obtained in return. 

CARE OP THE BOWELS. 

An initial purge is advised by many author- 
ities; but is anything gained by it? It is asserted that 
there is an advantage in emptying the bowels. The 
patients who are not purged seem to do just as well — 
in fact, better. A study which I made of five hundred 
cases, in which this point was specially noted, showed 
that diarrhea, not only at the onset, but during the 
course, occurred in a much larger number of those who 
were given an initial purge than in those whose bowels 
were left alone. If the patient's intestinal tract is not 
disturbed and a simple diet with much water given, it 
is surprising how infrequently diarrhea occurs. 

Constipation is to be preferred and as a rule a move- 
ment every second day is often enough. If the bowels do 
not move themselves an enema may be given. This 
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may be the ordinary one of soap and water, or oil and 
glycerin may be given. It is sometimes well to give an 
oil enema high in the bowel through a long tube, which, 
if necessary, may be followed by a simple enema. The 
comfort of the patient must be consulted ; some patients 
are easier if the bowels are moved every day. 

THE USE OP OPIUM. 

In the majority of indications usually given for the 
use of opium I would oppose the views laid down in 
many of the books. The conditions for which it is gen- 
erally employed are: First, restlessness and sleepless- 
ness; second, diarrhea; third, hemorrhage, and fourth, 
abdominal pain. 

1. Restlessness and Insomnia. — Here in small doses 
its use is sometimes advisable, but if indicated it often 
seems better to give small doses of morphin hypo- 
dermically. 

2. Diarrhea. — Here, as is usually the case in diar- 
rhea in general, opium should be the last drug to be 
used, instead of the first, as is too often the case. The 
cause should be searched for first, for too often this is 
left to act and opium is given to prevent the result. 
An initial purge, improper feeding, the giving of beef 
tea or predigested foods, the use of infected milk — any 
of these may be the cause. The diet should be cut down 
to albumin water, or if milk is given it should be boiled, 
and sedatives, such as bismuth, may be given. If opium 
is needed it should be given as the starch and laudanum 
enema. Given by mouth, opium favors distention and 
conceals the most valuable symptom of perforation, ab- 
dominal pain. 

3. Hemorrhage. — Here the standard treatment is to 
give opium, especially in the form of the lead and opium 
pill. To this treatment, although sanctioned by tradi- 
tion and authority, I would take exception. The ad- 
vantage is claimed for it that peristalsis is lessened. 
Have we any proof that this is an advantage? It may 
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lessen the chance of a clot being dislodged, but when we 
think how rarely a clot is found at autopsy in patients 
who have died after hemorrhage, the importance of this 
does not seem great. Against the use of opium tliere 
are several points. It increases the chances of disten- 
tion, in itself a serious matter. In the case of gastric 
ulcer, distention increases the chance of perforation and 
the same is probably true of the bowels. Then in a con- 
siderable number of cases hemorrhage and perforation 
occur together. Give opium for the hemorrhage and 
we know the end. It comes painlessly, but surely. 
Any one who has been called in consultation to decide 
as to the possibility of perforation in a patient who has 
had large doses of opium, knows how hopeless it is to 
give any opinion. Then, too, the giving of large amounts 
of opium seems to have an injurious effect on the general 
condition of the patient. 

4. Abdominal Pain. — ^Under no circumstances should 
opium be given, for this is our chief aid in the recogni- 
tion of perforation. The men who treat many patients 
with typhoid fever and say that they never have per- 
foration probably do one of two things, perhaps both 
(possibly it would be better to say they do one and leave 
the other undone) ; they give opium or do not have 
autopsies. 

The first thing in the treatment of abdominal pain 
is to determine the cause. Evidently if it be due to a 
distended bladder, meteorism or impacted feces, we are 
not going to help matters, but rather make them worse, 
by giving opium. If the cause can be found the indi- 
cations are clear; if it can not be found we must not 
give a drug which prevents our determining the cause, 
certainly in the more serious conditions. When the 
cause is not determined — and these cases are not very 
rare — ^simple measures, such as the application of 
stupes or small doses of bromid of potassium or codein 
may be enough. If the pain is not relieved by these, it 
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may be necessary to give a small dose of mori^iin hypo- 
dermieally (gr. %), which is always to be preferred to 
opium. In this dosage it is not likely to mask abdom- 
inal symptonus. 

HEMOREHAGE. 

There seems no doubt that the use of the calcium 
salts, preferably the lactate, is helpful. In hospitals, or 
elsewhere when possible, it is well to take the coagula- 
tion time of the blood when the patient comes under 
observation. If this be prolonged it is well to give the 
calcium lactate as a prophylactic measure. Too large 
doses should not be given; probably twenty grains a day 
is enough. In case of hemorrhage the drug should be 
begun at once and thirty grains a day may be given. 
When it is important to-obtain a rapid action the caldiun 
lactate may be given subcutaneously in a 1 per cent, so- 
lution. The use of astringent drugs, such as lead 
acetate, or the giving of ergot, does not seem to be of 
any use and the latter is perhaps harmful. Quiet is 
essential and if the patient is restless this may be se- 
cured by a small dose of morphin (gr. Yq) hypodermic- 
ally, it is well to limit the amount of food by mouth, 
reducing the diet to albumin water or sometimes to 
water alone. 

To keep the patient quiet, to limit the intake, to apply 
a light ice-bag to the abdomen, to give the calcium salts, 
not to give opium, and not to try to do too much, seem 
the main points in the treatment of this complication, 
which after all is not usually as dangerous as has been 
thought. 

PERFORATION. 

How many of the five thousand* patients every year 
in the United States in whom perforation occurs are 
saved and how many should be saved ? If those two fig- 
ures do not correspond, where is the blame? To de- 

5. This l8. of course, only a general flffure. The actual number 
is probably much greater. 
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termine how many should be saved is difficult, but it is 
a question whether we are sufficiently awake to the 
frequency of perforation, or to the importance of its 
early recognition and treatment. There is no doubt of 
the much greater difficulty in diagnosis and treatment 
when patients are treated at their homes than when thoy 
are in a hospital. Still, even here it would seem that 
much more might be done. To make an early diagnosis 
of perforation, preparations must be made beforehand. 
As a rule the diagnosis does not force itself on the care- 
less observer. The lesson of the importance of prompt 
cooperation between the medical and surgical sides has 
been learned in many hospitals, but there are still some 
in which more attention might be given to this. The 
early recognition of this complication is as much a mat- 
ter of treatment as anything else. 

DISTENTION OP THE STOMACH. 

While we are all aware of distention of the intestines, 
it is not so generally recognized that distention of the 
stomach is by no means rare. It may give considerable 
distress and affect both the respiration and the action of 
the heart. The passage of a stomach-tube gives imme- 
diate relief and no hesitation need be felt in doing it. 
The tube can be passed without raising the patient's 
head. It is well to cut down the diet to albumin water 
and to repeat the passage of the stomach-tube as often 
as necessary. 

ALCOHOL. 

The indications for the use of alcohol are much dis- 
puted and some of our extreme friends hold that its use 
is never justified. Certainly its routine use is not to be 
advised. I consider that the best indication for its use 
is toxemia. In some way or other the toxic patient can 
use alcohol, whether we consider it a stimulant or a 
food. WTien it is being given care should be taken to 
use a good variety, just as we make sure that the milk is 
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good. The amount must be decided by the needs of the 
patient. Generally, when it is indicated, good doses are 
advisable, from six to twelve ounces in the twenty-four 
hours; two or three ounces in the same period are 
usually not enough. The statement is still repeated at 
times that the patient who is being given tub baths 
needs alcohol. This is by no means the case — quite the 
contrary. The patient who is receiving the tub treat- 
ment, as a rule, requires less alcohol, as toxemia is so 
much diminished. Alcohol does not require to be given 
merely because the patient is having baths. 

HEXAMETHYLENAMIN. 

When we remember the frequency of bacilluria and 
the very common presence of typhoid bacilli in the gall 
bladder, it seems wise to suggest the administration of 
hexamethylenamin (urotropin) to every patient. The 
work of S. J. Crowe,* who has shown that when this 
drug is given in sufficiently large amounts (75 gr. per 
diem) it appears in the bile in quantities sufficient to 
have a bactericidal action, proves the value of this. 
He also found that hexamethylenamin was present in 
the cerebrospinal fluid, synovial fluid, saliva, pleural 
efPusion and blood. How much ^Trilling out'' of typhoid 
bacilli we can do by this means is as yet undetermined, 
but certainly these findings are suggestive. 

The question arises as to the safety of giving such an 
amount of this drug (75 gr. per diem) to patients as a 
routine. There are reported instances^ of hematuria 
following its administration. These are comparatively 
few, but further observations are necessary before posi- 
tive statements can be made. With the number of pa- 
tients of all kinds who are taking this drug it should 
not be long before we have definite statistics from a 
large number of observations. Painful micturition 

6. Johns Hopkins Hosp. Bnll., 1908, six, 109. 

7. Coleman : Med. News. New York« 1903, Izzxiil, 893. 
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sometimes occurs, but it is not serious and disappears 
rapidly after stopping the drug. 

Certainly in view of the fact that smaller doses (gr. 
30 to 40 per diem) apparently prevent bacilluria, we 
should not hesitate to give these to every patient. 

SEKOTHERAPY. 

It does not seem possible at the present time to apeak 
with certainty as to the value of any of the various 
serums which have been used. The results claimed by 
Chantemesse are excellent, but have not been sufficiently 
verified by other observers. 

PREVENTIVE INOCULATION. 

While this has proved of some value in military med- 
icine, especially when troops were to be sent to infected 
localities, yet the results have not been strikingly suc- 
cessful. That it can be of much value in ordinary prac- 
tice seems doubtful, especially when we remember that 
it is not wise to employ it during the time of an epi- 
demic, owing to the temporary increase in susceptibility 
following the inoculation. The "man in the street" is 
not likely to be willing to undergo it at other times. 

THE PREVENTION OP INFECTION. 

It is to this that we must devote more care than we 
have in the past. We quite understand what a man 
means if he says that he has attended ten patients who 
were seriously ill and brought them all through safely. 
But if he announced that he had attended ten patients 
without a single case of infection from them and no 
danger of infection in the future, we should wonder at 
first what he meant. Yet the second statement means 
more to the community and represents a great deal more 
thorough and commendable treatment than the first. 
It often requires care and brains and hard work to pull 
a patient through the attack, but it needs more of all 
three to ensure that he does not pass his infection on to 
some one else. 
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The work of recent years haa brought to our notice 
certain methods of transmission which may be empha- 
sized. One is the importance of contact infection. How 
much this means through the country may be guessed 
at perhaps by the number of cases which occur in our 
hospitals. "Accidents occur in the best-regulated fam- 
ilies/* but altogether too many "accidents" of this kind 
occur in our best-regulated hospitals. In reference to 
this point, an excellent study is that by D. L. Edsall,* 
which should be read by all those interested in the sub- 
ject. The report of the Commission for the Study of 
Typhoid Fever in the Spanish-American War (Reed, 
Vaughan and Shakespeare), did much to bring out the 
importance of contact infection. 

Another method is what may be termed intermediate 
contact, in which the bacilli are carried by flies. How 
difficult this is to prevent perhaps the country practi- 
tioner can tell better than his city confrere. Unfor- 
tunately we all know it. Then there are the so-called 
"carriers," who go about with a supply of typhoid 
bacilli which are being constantly distributed. 

HOSPITAL TREATMENT. 

When we turn to the question of the prevention of 
infection and the carrying out of the proper measures, 
we realize the tremendous difficulties involved. Until 
recently the custom in Britain of sending patients with 
typhoid fever to special hospitals seemed rather un- 
necessary, but we have learned how wise such a plan is. 
There seems no question of the necessity of our intro- 
ducing very much greater care and more stringent regu- 
lations in handling the patient with typhoid fever. 

In view of the constant occurrence of instances of 
infection in hospitals the need of greater care requires 
no emphasis. The other patients, nurses, orderlies and 
physicians are all exposed to this risk. Precautions 

8. Am. Jour. Med. Sc, 1908, czxzv, 469. 
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which we should endeavor to carry out are discussed 
under various headings. 

a. Isolation. — Should a typhoid patient be isolated 
in a special ward? "Undoubtedly whenever possible this 
measure should be carried out. In many hospitals in 
the ordinary incidence of the disease it seems almost 
impossible; there is neither the ward accommodation 
nor a sufficient number of nurses to carry it out. Yet 
we should endeavor to do it as far as possible. The 
typhoid fever patients should be kept together in one 
part of a large ward or as far as possible in one part of 
the hospital. Every effort should be made to have 
special nurses and orderlies waiting on these patients 
alone. The question of a separate kitchen and food 
supply is also important. The diet for the typhoid pa- 
tients is so simple and the dishes they require are so 
few that it is not a diflBcult matter to keep these sep- 
arate. One rule should be absolutely enforced — the 
nurses and orderlies who are waiting on the typhoid- 
fever patients should have nothing to do with the prep- 
aration of the food for the other patients. Too often a 
nurse goes directly from waiting on a patient with 
typhoid fever to prepare food for the other patients in 
the ward, or an orderly may be handling the ice for the 
water-cooler. 

6. Physicians. — It should not be necessary to point 
out the necessity for care on their part, both for tiieir 
own sakes and for that of the patients. It requires con- 
stant attention always to remember to wash the hands 
after examining a patient with typhoid fever before 
going on to a patient with another disease, and yet un- 
doubtedly there is the risk of infection if this is not 
done. For both physicians and medical students the 
need of care in the examination of the urine and stools 
from typhoid fever patients should be kept in mind. 

c. Nurses. — The frequent occurrence of typhoid 
fever among nurses suggests that the care usually taken 
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is not sufficient. To reduce or prevent this infection is 
difficult. Careful instruction as to the danger, strict 
regulations as to disinfection, and thorough oversight 
to ensure that these regulations are carried out, are all 
important. One difficulty is that the nurses often have 
too much to do. This is especially apt to be the case 
with the night nurses. Disinfection after each handling 
of a t3rphoid-fever patient means time, and this the 
nurse on a heavy ward may not seem to be able to spare. 
Whenever possible the nurses attending to the typhoid 
patients should do that alone. The wearing of rubber 
gloves should reduce the danger of infection. They 
could be used for the greater part of the work done, 
especially that connected with the changing of clothing, 
handling of bed pans, urinals, etc. In giving sponge 
or tub baths their use is not so important. 

d. Orderlies. — It has always been a surprise in the 
Johns Hopkins Hospital that so few of the orderlies 
contracted typhoid fever. In any hospital they must al- 
ways be regarded as likely means of carrying infection; 
being usually overworked, apt to be careless in any case 
and thoughtless about danger, they require constant 
watching. Even with stringent regulations, it is hard 
to be sure that orders are obeyed. There is no doubt 
that as much as possible of the waiting on typhoid-fever 
patients should be done by the nurses. Strict oversight 
and great care in the handling of the ward utensils are 
most essential points. 

e. Ward Utensils, — These should be rigidly isolated. 
The bed pans, enema nozzles and urinals should be kept 
for the use of the typhoid-fever patients only. The 
thorough disinfection of these is most important. 
Edsall mentions in the article already noted an ap- 
paratus devised by Dr. C. P. Noble in which the bed 
pans can be boiled. The urinals and nozzles should be 
boiled and kept in an antiseptic solution. The same 
rules as to isolation and disinfection should apply to 
the thermometers. These measures are important, not 
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only for the protection of other patients, but also for 
that of the nurses and orderlies. 

f. Food, — No one who is handling typhoid-fever pa- 
tients should be allowed to have anything to do with 
the food supply for the other patients. In almost all 
hospitals this is difiBcult to carry out, but it should be 
done. If a patient with smallpox was concerned, there 
would be no doubt of this being carried out, but we are 
accustomed to typhoid fever. The easy possibility of 
food infection was well shown by an instance which 
came under my observation. A patient who had a 
chronic cystitis due to the typhoid bacillus, anxious to 
be of some help in the ward, was foimd to have been 
giving water, into which he had put pieces of ice, to 
other patients. Luckily no infection followed. 

g. Flies. — ^Here is a problem difficult of solution. 
The easiest way is to keep the flies from the typhoid- 
fever patient. By screens the number in a ward can be 
kept to a minimum, and by keeping netting over the 
patient the chances of the flies in the ward getting at 
him are reduced. Even with screens it is difiicult to 
keep the flies away when necessary things are being 
done. Care should be taken to prevent flies from light- 
ing on the dejecta before these are sterilized, and the 
bed pans should be covered, especially as they are some- 
times left standing for some time before being sterilized. 

h. Disinfection of Stools and Urine, — The methods 
for this need not be discussed here. The important 
thing is to see that they are carried out. For this, con- 
stant oversight is necessary, especially of the orderlies. 

PRIVATE PRACTICE. 

Here the problem of prevention of infection may be 
much easier or almost impossible of solution. In a 
wealthy home, with two trained nurses, there is not very 
great difficulty. The rules of the hospital can be car- 
ried out rigidly. But in the homes of the poor it is 
quite another matter. The mother of a large family 
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may have to nurse the patient and attend to the rest of 
the family. Take some of the conditions one finds. The 
patient is nnrsed by one of the family, possibly well- 
meaning but ignorant; flies are numerous, both about 
the patient and on the food ; the urine and feces are per- 
haps thrown out on the ground in the country or in tlie 
ordinary privy, the flies being there also. Who can 
feel any certainty of being able to prevent infection 
under such circumstances? 

Still, much may be done. The danger of infection 
should be emphasized every day, and, if possible, those 
waiting on the patient prevented from preparing the 
food for the family. Specific written directions as to 
the rules of isolation and disinfection should be given. 
These should be put under the headings: (1) for the 
attendants, (2) for the food utensils, (3) for the cloth- 
ing, sheets, bed pans, etc., and (4) for the urine and 
stools. The physician should himself demonstrate how the 
dejecta are to be handled. It should be possible to pre- 
vent them from being thrown out on the ground or into 
an open privy, whether thoroughly disinfected or not. 
The possibility of infection of a water supply must 
always be remembered. To keep flies away it is usually 
possible to have the room screened. If wire screens can 
not be obtained, cheese-cloth can be put over part of the 
window to hinder the entrance of flies. Netting can 
also be used over the patient. 

PRECAUTIONS IN CONVALESCENCE. 

It is the duty of every man who treats patients with 
typhoid fever to take every means in his power to be 
sure before the patients are discharged that they are 
not typhoid "carriers." This is easy as regards the 
urine, but very diflScult as regards the stools. To every 
patient urotropin should be given during the course 
and in convalescence. By doing this we can be rea- 
sonably sure that the urine is free of bacilli, and by 
giving large doses (75 gr. per diem) we may do much 
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to destroy them in the gall bladder. In doing this we 
should watch constantly to avoid the production of 
hematuria. 

Certainty as to the stools being free of bacilli is dif- 
ficult to attain. Even in hospitals this may seem im- 
possible. It is a large question and perhaps will have 
to be a matter of inspection by the state. To hope for 
this may seem Utopian and yet it should come. It 
would be done in case of plague, but that is an un- 
familiar story to us ; typhoid fever is an every-day mat- 
ter and familiarity brings carelessness. 

There is no question of the difficulties that meet us 
when we endeavor to make sure that no other individual 
stands in any danger of infection from our typhoid- 
fever patients. It is so easy to rest content with bring- 
ing the patient through the attack; that is something 
which shows and there is no applause for the prevention 
of cases of typhoid fever which might have been. Yet 
if the statistics of any community show a decreasing 
incidence of the disease, every practitioner in it who has 
done his part to bring this about can have the conscious- 
ness that to him belongs some of the credit. Must not 
this be the highest reward for many of the triumphs of 
preventive medicine? 

807 St. Paul Street. 

DISCUSSION. 

Dr. Alexatkder Lambebt, New York: Feeding experiments 
were carried out under my care a year ago on a number of 
patients. In giving a diet absolutely free of milk, in which 
sugar was abundant, a remarkable point was the absolute lack 
of meteorism; the abdomens were excavated instead of swol- 
len, the delirium diminished rapidly, the patients were clear- 
headed, required no medication and lost weight to a small 
extent. One boy went two and a half weeks with a loss 
of about five pounds in weight. Dr. McCrae's stand as to 
diet is the stand of the famous old woman who said that 
she was always open to conviction, but she would like to meet 
any one who could convince her. I think that if Dr. McOrae 
will leave out the milk he will be convinced that there is a 
better diet and a most generous one, of rice, broth, sugar, 
butter and a few crackers; it will open his eyes to the possi- 
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bilities of a diminution in the toxicity of typhoid fever, a 
diminution of the. delirium and meteorism in the majority of 
patients. 

Dr. H. B. Weaver, Asheville, N. C: It is said that there 
are lies, exaggerated lies, and statistics. I should hate to give 
my statistics in reference to typhoid, but my experience has 
given me some positive ideas regarding the treatment of 
typhoid with what I call a mixed diet. My plan of treatment 
is to begin the case with a mild laxative, of calomel, not 
with the German rule of heroic doses of calomel. After the 
alimentary canal is cleared then I begin with plenty of water 
on the inside, and when hyperpyrexia arrives with plenty of 
water on the outside. As to the diet, I give enough milk, if 
well borne, with plenty of chicken broth with rice cooked in 
it, and a few crackers now and then. This will suffice for all 
cases of typhoid fever. In reference to the bowels, I never 
give a purgative, but rely on salt solution enemas, Nature's 
remedy. How do we know whether the system has enough 
chlorid of sodium remaining to sustain the vitality? It is 
said that all normally healthy persons excrete from three to 
four drams of chlorid of sodium daily; may it not be possible 
that we fail to give enough chlorid of sodium to patients 
during these four weeks of typhoid fever? Therefore, I mix a 
little salt with chicken soup and broths, which the patients 
take with avidity. It seems to me that they relish that food 
and it keeps them along to convalescence. I let drugs alone, 
as a rule; pay no attention to the coal-tar remedies, but rely 
on cold water on the outside and plenty of good water on the 
inside, with a mixed diet. This treatment will get a ma- 
jority of patients through successfully. 

Dr. E. p. Joslin, Boston : There is one point in this excel- 
lent paper to which I must take exception, and that is the 
recommendation for drinking excessive quantities of water 
and the excretion of immense quantities of urine in the 
twenty-four hours. Such a procedure puts a great demand 
on the individual. If we allow our patients eight out of the 
twenty-four hours for sleep, a little calculation will show that 
to void six quarts of urine in the remaining sixteen waking 
hours the bladder would have to be emptied or a glass of 
liquid drunk every twenty minutes. 

Dr. W. S. Thayer, Baltimore: The importance of early 
and complete cooperation between physician and surgeon is, 
after all, a point which relates not only to the complications 
of typhoid fever, and especially to suspected cases of the bowel, 
but to practice in general. What one might say regarding 
perforation in typhoid, one might also say as well with re- 
gard to appendicitis. It is important to remember that when- 
ever in such cases there is any thought of surgical interfer- 
ence we should call in our friend, the surgeon, at once. The 
first impulse of most conscientious physicians and sur(];eons 
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is to avoid operation unless it is absolutely necessary, and 
each new man that sees the case passes through this period. 
I recall vividly a case in point. When I was a resident in a 
hospital, about fourteen years ago, at a time when early opera- 
tion for appendicitis was not so common as it is to-day, I was 
called early one morning to see a nurse. She had an acute 
appendicitis. I hesitated, however, to send for the surgeon 
immediately, thinking that she might be better within a few 
hours. Two hours later I sent for the surgeon. He thought 
that early operation would be wise, but did not want to hurry 
and put it off for a few hours more. But in a few hours our 
minds were made up and the patient was prepared for the 
operation, when my chief came in and, in turn, said, "Let's 
wait a little while," and put it off until the afternoon. In the 
afternoon all were agreed as to the advisability of immediate 
operation, when the surgeon -in -chief arrived. The surgeon- 
in -chief, by a like conservative impulse, said, ''Let's wait until 
to-morrow morning." On the following morning when the 
patient came to operation there was a general peritonitis, and 
before it was over she had three grave operations and was at 
the point of death. She is still living, but her life was nearly 
sacrificed because four conscientious men, seeing her one after 
another, all wanted to wait a little while; any one, had he 
seen the case when I first saw it, would have advised opera- 
tion within an hour or two. The physician should always 
summon his surgical colleague the moment he suspects the 
eventual necessity of an operation. Such a procedure saves 
many lives. 

Dr. Lawrence Litchfield, Pittsburg: I heartily endorse, 
in the main. Dr. McCrae's paper. As to calcium lactate, I 
even go so far as to give it hypodermically in severe cases. I 
have seen three cases in which large doses given hypodermic- 
ally, with normal salt solution, seemed to bring very good 
results. I can not pass over his objection to initial purging. 
What he says is very suggestive, but I have the histories of 
over a thousand cases in which initial purging has been the 
rule and in which troublesome diarrheas have occurred very 
rarely. As to what has been said about not purging at all, I gave 
150 consecutive patients daily morning doses of sulphate of 
magnesium, and the mortality was as low as any I ever had, 
and the hemorrhages and perforations were below the average. 
Of course, 150 cases are far too few to base conclusions on, but 
they are enough to show that a laxative is not a deadly thing 
in typhoid fever. If Dr. Swing's position is correct, that the 
nitrogenous waste in typhoid fever is not from the toxins of 
the invading bacteria, but from autointoxication, largely 
from the digestive tract, it seems that a great deal might be 
said in favor, not only of the initial purge, but even of laxa- 
tives during the course of the disease. In speaking of flies, 
Dr. McCrea mentioned keeping them away from the patient 
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and the food, but most important of all is to use covered 
bed-pans and to keep the stools away from the flies. One 
point as to the treatment of perforation: On account of dif- 
ference in the absorptive power in different parts of the 
peritoneal cavity, as soon as there is a suspicion of perfora- 
tion the head of the bed should be raised and kept elevated, 
so that there may be drainage into the pelvic cavity and not 
the upper part of the peritoneal cavity, which is more vul- 
nerable. I should think it would be dangerous to roll a pa- 
tient about in the search for movable areas of dulness with 
the effect of spreading the infection over the entire peri- 
toneal cavity, if a leak should have occurred. As to the large 
amounts of water, I agree with Dr. Joslin. Of course, typhoid 
patients should have enough water. You remember Dr. 
Thayer's suggestive paper some years ago on "The Relation 
of Typhoid Fever to Arteriosclerosis." I think that we have 
all seen protracted cases of typhoid in which the radials be- 
came palpable under our very fingers. If this is true, would 
not the overloading of the system with so much water neces- 
sitating in extreme cases as practiced in Cleveland, the elimi- 
nation of four to eight quarts during the twenty-four hours, 
put an unnecessary and excessive strain on the heart and favor 
the development of arteriosclerosis? 

Dr. Hekby B. Favill, Chicago: So far as I know there are 
only two subjects on which I am unreasonable. One is auto- 
mobile scorchers and the other lead and opium in hemorrhage. 
There is no question about the authority, as far as author- 
ity goes, on this qiiestion of lead and opium, particularly 
opium, in typhoid hemorrhage. So far as my experience leads 
me to a judgment, it is a fact that the locking up of the bowel 
after hemorrhage, with opium, to which the lead is so far as 
it goes an additional objection, is a pernicious practice not 
justified by either experience or theory. Three objections 
exist in my mind: First, it increases the meteorism; second, 
it tends to obstruct the excretions; third, it frequently locks 
in the colon a mass of blood which undergoes decomposition 
to such a degree that it is not to be compared with anything 
we meet clinically. It is a dreadful condition, hypothetically 
and, I think, practically, to be superinduced in a serious infec- 
tive disease. 

Dr. John A. Withebspoon, Nashville, Tenn.: I feel much 
like the boy who wrote the essay on snakes in Ireland and 
said, "There are no snakes in Ireland." There is no treatment 
of typhoid fever. I agree with Dr. McCrae when he says, 
let each case be its individual lesson to us. That is all 
right, but in his paper he did not, to my mind, carry out the 
idea with which he started. I heartily agree with Dr. Lambert 
when he condemns the use of milk, especially sweet milk, in 
typhoid. I believe that we would have very little meteorism, 
that we would have very little intestinal disturbance, if we 
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properly fed our patients. Sweet milk has been, in my experi- 
ence, one of the most universal disturbers both of stomach 
and intestines of any nourishment I have seen used in typhoid 
fever; therefore, I have long since ceased to use it, because 
every case I have demands a mode of treatment to get rid of 
symptoms directly produced, in my judgment, by such treat- 
ment. I believe that Dr. McCrae, who gave us an elegant 
way of relieving the distended stomach with the stomach tube, 
if he feeds his patients properly, will rarely find any neces- 
sity for using the stomach tube. You will seldom find much 
gas and diarrhea if you will avoid disturbing the nutrition 
by improper feeding of your patients. Another point on which 
I could not agree with Dr. McCrae is the use of hexamethylen- 
amin to kill the bacillus in the gall bladder and elsewhere. 
I do not believe that it would be possible for hexamethylen- 
amin to destroy the bacteria or bacillus typhus in the gall 
bladder unless you carried the treatment to such an extent 
that in the preparation of subjects you would practically 
have to prepare the dead subjects, as we would the cadaver, 
to kill the Bacillus typhosus with it. While I have had a 
little experience with hexamethylenamin^ it has not given 
me the results it seems to have given Dr. McCrae. I believe 
in the management of typhoid fever; there can be no objection 
in the earliest part of the disease to the initial purge; it has 
been a universal practice, and I believe does aid in the future 
welfare of the case. Then as few drugs should be given as 
possible, and proper nutrition, whicli, in my judgment, should 
be egg albumins, broths with rice, etc., in buttermilk, and 
things of that sort will keep down the necessity for too 
many drugs. The fewer drugs used in this disease the 
fewer will be the complications. I endorse everything else in 
the paper, except excessive drinking of water. I do not be- 
lieve that it is sensible to deluge the stomach of a patient 
with water or anything else. 

Db, Thomas McCbae, Baltimore: My experience has been 
that the large amounts of urine passed do not give any distress 
to the patients. The ordinary typhoid patient is wakened 
every three hours in the night to take nourishment and can 
void at that time. I agree with what Dr. Litchfield said 
about the advantage of the administration of calcium lactate 
hypodermically in some cases. In regard to the danger of over- 
loading the circulation with water, I have never seen any evi- 
dence of it. What is it that leads to the changes in the ar- 
teries? Is it not the presence of toxins? The more we can 
reduce the toxemia, which you will grant hydrotherapy does, 
the more we reduce the danger to the blood vessels. Clini- 
cally I have not seen any evidence of harm to the circulation. 
Dr. Witherspoon implied that the patients in whom I had seen 
distention of the stomach were on a milk diet, but, on the 
contrary, the majority of them were being given predigested 



Digitized by LjOOQIC 



253 

foods, beef tea and broths. Regarding the point about 
hexamethylenamin not having any effect on typhoid bacilli, 
it seems to me that if one point has been established it is 
that hexamethylenamin does kill out the bacteria in the 
urine. I think that this has been too definitely proved for 
us to have any doubt of it. In regard to the use of adrenalin 
in hemorrhage, I have never been able to persuade myself 
that it is of value either theoretically or in practical results. 
As to the amount of hexamethylenamin I do not think we 
know as yet; I mentioned 75 grains a day and perhaps we 
might go higher, but we have not had enough material as 
yet to enable us to pass final judgment. This disease has so 
many phases and such varied symptoms that it is natural we 
should have various ideas about treatment. The consoling 
thing is that so many of the patients recover under so many 
dififerent treatments. It shows that all the truth does not 
rest in one method. We are all agreed, however, as to the 
importance of preventing infection from our patients. 
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THE SERUM TREATMENT OF MENINGITIS. 



FRANK J. SLADEN. M.D. 

Assistant UeBldent Physician, Johns Hopkins Hospital. 

BALTIMOBE. 



Flexner's aiitimeningitis serum has been in use for 
epidemic cerebrospinal fever now for one year. A final 
opinion of its value as a therapeutic measure must be 
reserved until the number of cases in which it has been 
used is very large. Our experience at the Johns Hop- 
kins Hospital with a small series has been so striking, 
however, that Dr. Barker has asked me to present it to 
you. 

The Board of Health statistics for Baltimore do not 
show the present epidemic to be more severe than those of 
previous years. In fact, we feel that the cases are rather 
sporadic than epidemic. And yet to date we have had 
twenty-one cases in the Johns Hopkins Hospital since 
January 1, compared with thirty-three cases in the previ- 
ous nineteen years of the hospital. This we might men- 
tion as the first effect of the serum. The knowledge of 
its use has led local physicians to hurry their cases to 
the hospital and so enabled us to get them early in the 
disease — a very important factor in the outcome. 

Of the thirty-three patients treated simply by lumbar 
punctures in the previous years of the hospital, twenty- 
one died and twelve recovered, a mortality of 64 per 
cent. The mortality for the individual years has varied 
from 43 per cent, to 100 per cent. 

With this may be compared a mortality of 14 per 
cent, for the twenty-one cases treated with the anti- 
meningitis serum in the past five months. Three of the 
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twenty-one patients have died. One of the three was a 
fulminant case, in the class regarded hy Flexner as be- 
yond the reach of treatment. The second had a compli- 
cating bronchopneumonia of both lungs on admission 
and died in forty-eight hours. The third was a boy 
29 months old who received his first injection of serum 
on the fourteenth day of the disease, when he was un- 
conscious, having convulsions, and practically in ex- 
tremis. He died of a respiratory paralysis in seventy- 
two hours ; even in his case two injections of serum had 
succeeded in clearing the spinal fluid of organisms and! 
giving sterile cultures. 

As to age, twelve of the twenty-one patients were chil- 
dren under 12 years. Of these but one died, a mortality 
of 8 per cent. 

Seventy per cent, of the cases not treated by serum 
have had complications, mainly bronchopneumonia, 
whereas eight of the twenty-one serum cases, 38 per 
cent., suffered from them as follows : 

Otitis media 3 

Pneumonia 2 

Both otitis media and pneumonia 1 

Arthritis 1 

Acute myocarditis 1 

One of the patients with pneumonia had a metastatic 
infection of the right eye, but the terrible sequelae of 
former years — palsies, mental defects, deafness and 
blindness — were rarities. The only sequelae in the twen- 
ty-one cases were two of deafness and one of blindness. 

Much more striking than the percentages of mortality, 
however, have been the effects observed at the bedside 
and in the laboratory in each individual case. 

It has been our rule to do a lumbar puncture as early 
as possible in every case with symptoms suggesting 
meningitis, and to inject serum, giving the patient the 
benefit of the doubt. By this routine one patient with 
pneumonia, one with typhoid fever, two with pneumo- 
coccal meningitis, one with influenzal meningitis, and 
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six with tuberculous meningitis have received serum. 
In no one of these cases has any bad effect resulted. 

The serum has been injected by a syringe connected 
with the lumbar puncture needle. In most cases as much 
serum has been injected as spinal fluid removed, not 
exceeding 30 c.c; following the suggestion of Dr. 
Flexner. But in twelve instances, because of the 
severity of the symptoms and the height of the temper- 
ature — in fact, because we thought it was needed — ^the 
amount of serum injected has exceeded that of the spinal 
fluid removed. Strangely, notwithstanding this fact, the 
so-called pressure signs and symptoms have been re- 
lieved by this treatment. 

Many of the patients are temporarily upset by the 
puncture and injection. They complain of pain in the 
knees, hips and about the rectum during the injection, 
evidently referred pains from the lumbosacral roots. 
These sometimes persist several hours. A slight tem- 
porary rise in temperature often follows the injection. 
Urticaria and erythematous eruptions are not uncom- 
mon. 

It has taken from twelve hours to three days to reap 
the benefit from the serum. All favorable cases react 
to a certain extent after one injection. Some cases need 
but the one injection. Two cases have required six in- 
jections and one seven. We believe the serum should be 
given daily until the drop in temperature and the dis- 
appearance of symptoms and signs indicate that the 
process is arrested. And it should be renewed at any 
sign of flare-up. 

1. The effect on the temperature has been to cause 
a fall in one of two ways — either abruptly or by lysis. 
Eight cases terminated abruptly and eight by lysis. In 
the other five the temperature remained elevated — ^in 
two due to complicating pneumonia. The other three 
were fatal. One case remained normal in temperature 
after a single injection, but the majority show a rise 
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the next day and require from two to six injections to 
preserve a normal temperature. 

2. With the fall of temperature, in three to twelve 
hours after the first injection, the symptoms and signs 
begin to clear. The symptoms — delirium, headache, 
pain in the neck and back, and the general hyperesthesia 
— disappear with remarkable rapidity. The signs — 
strabismus, stiffness of the neck, retracted head, opis- 
thotonos, and the Kemig sign — are more persistent. 
The Kemig is often the last sign to disappear. The 
result is the unusual picture of a child, bright, cheerful, 
and alive to its surroundings, but with a stiff neck and 
back, occasionally in opisthotonos. 

3. The effect of the serum on the spinal fluid itself 
is most interesting. Three changes are brought about : 

First, the polymorphonuclear leucocytes are increased 
in the spinal fluid. This is only after the first injection, 
and they disappear in the process of healing. From 200 
cells to the cubic millimeter they have been increased to 
as many as 4,000. The influence of this on the leuco- 
cytes in the circulating blood is striking. A high leuco- 
cytosis, 30,000 to 40,000, is reduced by the demand in 
the spinal fluid; a low one, 16,000 to 18,000, is in- 
creased. In every ease there is a very constant, posi- 
tive chemotaxis for polymorphonuclear leucocytes in the 
spinal fluid. This has been observed in one case of in- 
fluenzal meningitis. In six cases of tuberculous menin- 
gitis the clear spinal fluid with predominating small 
mononuclear cells has become clouded with polymor- 
phonuclears after serum, and the small mononuclear cells 
have totally disappeared. The serum caused no evident 
change in the two cases of pneumococcal meningitis. 

Second, the meningococci, both extracellular and in- 
tracellular before serum, become entirely intracellular, 
so that it is often difficult to find organisms outside of 
cells in specimens after serum. This was observed also 
in one case of tuberculous meningitis and in the influ- 
enzal meningitis. 
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Third, as they become intracellular they are being 
destroyed. They no longer stain deeply and distinctly, 
but are ill-defined and hard to see. They resemble 
granules rather clear-cut diplococci. This is evi- 
denced by the cultures. The number of colonies from 
approximately the same amount of centrifugalized sedi- 
ment are reduced from 200 to 300 down to 8 or 10 after 
one injection of serum. Most cultures have been sterile 
after two injections, several after one. 

CONCLUSIONS. 

In conclusion, from this small experience, we may 
briefly summarize our impressions as follows: 

1. All cases of meningitis in which meningococcus 
infection is suspected should undergo lumbar puncture 
and serum injection as early as possible. 

2. The serum does no harm in cases not of the menin- 
gococcal type. It may do good. 

3. The course of the disease is changed by the serum. 
The long drawn-out clironic cases are not seen, and the 
terrible sequelae — often worse than death — are rare. 

4. As to tlie character of the serum, the rapidity with 
which signs and symptoms disappear suggest an anti- 
toxic property; the positive chemotaxis for polymor- 
phonuclear leucoc\i;es, and the promoted phagocytosis 
are most definite and constant features; finally, the 
reduction in the number of diplococci, the change in 
their staining properties, and the loss of viability speak 
for a bactericidal power — although it is a question if 
this may not be explained by the phagocytosis. 

6 East Franklin Street. 
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SERUM TREATMENT OF EPIDEMIC CEREBRO- 
SPINAL MENINGITIS. 



IX>UIS WILUAM LADD, M.D. 

CLEVELAND, OHIO. 



Previous to the work of Flexner in this country and 
that of KoUe and Wassermann and Jochmann on the 
continent, little had been accomplished in the produc- 
tion of a serum curative for epidemic cerebrospinal 
meningitis. The experiments of Bonhoff and of Li- 
pierre, while suggestive of results, were too incomplete 
and unsatisfactory to warrant conclusions that they were 
working with a serum of protective and curative value. 
They were unable to reproduce the disease experimen- 
tally in animals in a form simulating that disease in 
human beings, and there is some doubt as to whether 
their control animals, for the most pajt guinea-pigs, 
died from toxemia or from infection. 

THE SERUM. 

As a result of the epidemic of cerebrospinal menin- 
gitis which devastated greater New York during the 
winter of 1904 and spring of 1905, in which there were 
about four thousand cases with 3,429 deaths. Dr. 
Flexner, as a member of a commission appointed by the 
Heath Department of New York City, imderfcook an 
experimental investigation of epidemic meningitis, with 
the result that he proved conclusively that this type of 
cerebrospinal meningitis could, by direct inoculation into 
the spinal canal, be transmitted to monke}'8 in a form 
closely resembling that found in human beings. Fui^ 
thermore, he was able to produce an antidotal serum 
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for the meningococcus which, when inoculated in cer- 
tain quantities at the same time as an otherwise fatal 
doee of living cidtures of the meningococcus, would in 
almost all cases prevent the disease from terminating 
fatally in monkeys. He also could save monkeys inocu- 
lated with a lethal dose of living cultures of meningo- 
coccus when serum was injected into the spinal canal 
not later than six hours afterward. 

Serum used in this series of cases was furnished by 
Dr. Flexner and was in brief made as follows : Horses 
were injected first subcutaneously, then intravenously, 
witli gradually increasing doses of living meningococci. 
Later subcutaneous injections of an autolysate was used 
in gradually increasing doses. Many different strains 
of ra,eningooocci are employed in preparing the living 
culture and the autolysate for inoculation. After months 
have elapsed the horse is bled, tlie serum collected and 
bottled ready for use. 

SERIES OF CASES TIIEATED. 

The serum was first used systematically by me in a 
series of cases beginning April 2. 1907, at Castalia, 
Ohio, where an epidemic of cerebrospinal meningitis 
had created such havoc that half the population of the 
village of six hundred inhabitants had fled in terror. 
Between the months of January and April, 1907, 18 
cases of meningitis developed. Of the 18 patients, 12 
died and six recovered, a mortality of 66.7 per cent., a 
recovery of 33.3 per cent. Serum was used in three 
cases. All the patients recovered. In the 15 cases in 
which the serum was not used, 12 patients died and 3 
recovered, a mortality of 80 per cent., and recovery of 
twent}' per cent. 

In the first few cases treated, from 5 to 10 c.c. of 
serum was injected at a dose, but wider experience 
showed it to be safe to use large amounts, and then 
from 15 to 30 c.c. was used at one injection, provided 
that much fluid was withdrawn. These injections were 



Digitized by LjOOQIC 



261 

usually repeated at daily intervals until acute symptoms 
subsided and tlie spinal fluid became clear. In some 
instances two injections were made daily. When the 
meningeal symptoms disappeereil and the temperature 
subsided, the further use of the serum was discontinued 
until a rise in temperature or increase in meningeal 
symptoms made it seem advisable to again employ it. 

Altogether, the serum has been employed by me in 
32 cases. Of the 32 patients one is still in the acute 
stage of the disease and can not be considered in this 
report. Of the 31 cases to be considered, in 30 the diag- 
nosis was confirmed by finding the characteristic Gram- 
negative diplococci in coverslip preparations, and in 
almost all eases cultures were positive. In one case, 
clinically typical of cerebrospinal meningitis, witli 
marked petechial eruption, only a few drops of bloody 
serum was obtained by lumbar puncture, from whicli 
nothing definite was made out. The boy's mother 
however, had nursed a fatal case of this disease two 
weeks previous to the onset in him. 

Tliat these cases were not mild ones, but of marked 
severity and a severe test of the therapeutic value of the 
serum is made evident by the fact that when serum 
was administered 17 of the patients were comatose, 3 
unconscious and wildly delirious, and 12 semiconscious 
or conscious with great irritability. 

Many of these cases were seen in the outlying and 
poor districts, where it was impossible to obtain as com- 
plete records in regard to temperature, pulse and respi- 
ration as desirable, though as a rule the records are 
complete enough to enable one to follow the progress of 
the cases satisfactorily. A good proportion of the oases 
were under constant ol>servation at the various hospitals 
in Cleveland. 

Eleven of the 31 patients died and 20 recovered — a 
mortality of 35.5 per cent, and a recovery of 64.5 per 
cent. Four of the comatose patients were moribund at 
the time of the administration of the serum, dying 
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within a few hours. Three of tlie cases in which the 
patients were moribund were of the fulminating type 
and were seen forty-eight or less hours after onset A 
fifth was a chronic case of nearly four months' stand- 
ing, in which the patient was blind, deaf, comatose and 
a mere breathing skeleton at the time of adraiinistration 
of the serum. In a sixth case of thirty-nine dayp' dura- 
tion before sorum was employed, chronic hydrocephalus 
had already developed. Subtracting these 6 cases, man- 
ifestly unfair tests of the treatment and hopeless so 
far as serum therapy is concerned, there would be 25 
cases with 5 deatlis, a mortality of 20 per cent, and a 
recovery of 80 per cent. 

Twenty-four cases were treated ninety-six or lees 
hours after onset. Of these patients 16 recovered and 
8 died, a mortality of 33,3 per cent, and recover}- of 
66.7 per cent. The four moribund patients were in- 
cluded in this group. Subtracting them, there would 
be- 20 cases with 4 deaths and 16 recoveries, a mortality 
of 20 per cent, and recovery of 80 per cent 

Eighteen cases were seen seventy-two hours or less 
after onset of symptoms. Fourteen of the patients 
recovered and there were 4 deaths, a mortality of 22.2 
per cent, and recovery of 77.7 per cent. Three of the 
moribund patients fell within this group. Deducting 
these, there are 15 cases with 1 death, a mortality of 
6.6 per cent and recovery of 93.4 per cent. 

Thirteen cases were seen forty-eight hours or less 
after onset of symptoms. N"ine of these patients recov- 
ered and 4 died, a mortality of 30.7 per cent, and recov- 
ery of 69.3 per cent Three of the moribund patients 
were included in this group. Subtracting these, we have 
10 cases with 1 death, a mortality of 10 -per cent, and 
recovery of 90 per cent. 

Five cases were seen twenty-eight hours or less after 
onset of symptoms. All of these recovered, a recovery 
percentage of 100 per cent 
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Eleven of the 31 eaees developed in children under 5 
years of age. Six of these recovered and 5 tenninated 
fatally, a mortality of 45.5 per cent, and recovery of 
54.5 per cent. In these 5 cases which tenninated fa- 
tally 4 patients died- of chronic hydrocephalus, late in 
the course of the disease, and a fifth case died during 
the acute stage of the disease. 

The average duration of the disease in cases of recov- 
ery seen twenty-eight hours or less after the onset of 
symptoms, when treated with the serum, was twelve 
days; above twenty-eight hours and including forty- 
eight hours, nineteen daj's; above forty-eight hours and 
including seventy-two hours, forty-nane days. As most 
of the cases seen later than seventy-two hours died, a 
satisfactory statistical chart of cases recovering can not 
be compiled at this time. 

Fever terminated- by crisis in 11 cases and by lysis 
in 9 cases. In one case the temperature was normal at 
the time of administration of serum and afterward. 

Of the 11 fiatal cases 4 patients died from, chronic 
hydrocephalus, and 4 were moribund, at the time of ad- 
ministration of the serum. One patient in the acute 
stage of the disease died shortly after the administra- 
tion of the serum, ami in this case there is a possibility 
that the severe chill, cyanosis and rise in temperature 
to 106 degrees was produced by the bactericidal action 
of the serum on the numerous meningococci present 
and liberation of more endotoxins than could properly 
be taken care of by the patient. In one case death 
occurred in the chronic stage of the disease nearly six 
months after onset. Acute dilatation of the heart and 
pulmonary edema produced death during the acute 
stage of the disease in the last case. 

In this series of cases the youngest individual was 
3 months old and the oldest 28 years of age. 

The onset was with nmrked gastrointestinal symp- 
toms in six cases, marked diarrhea and vomiting being 
present. 
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Petechial eruption alone was present in 11 ca^es ami 
associated with hemorrhages into the skin in 3 addi- 
tional cases. A petechial eruption associated with her- 
pes labialis was present in one ease. A petechial, hem- 
orrhagic and herpetiform eruption were all present in 
one case. A petechial eruption associated with erythe- 
matous eruption was present in one case. An* erythe- 
matous eruption only was present in two cases. A 
macular eruption was present in one case. Mottling 
of tlie skin and herpes labialis were associated in one 
case. In two cases mottling alone was present. Nine 
cases were unassociated with skin eruptions. Surpris- 
ingly few^ patients had herpes. 

In two cases well-marked urticarial eruption devel- 
oped as a result of the administration of the serum. 
In one of these cases the eruption came on fifteen days 
after the injection of the serum, and in this case prac- 
tically all the serum administered was given subcu- 
taneously. In the second case the urticarial eruption 
developed one week after 35 c.c. of serum had been 
administered intraspinally, the child being perfectly 
well in other respects at this time. 

Sequel83 w^ere present in three cases. In Case 1 a 
left-sided foot drop developed, which is gradually im- 
proving. In Case 15 slight impairniient in hearing 
persists. In Case 31 a marked suppurative arthritis 
of the left knee is rapidly clearing up under treatment 
by aspiration and injection of serum directly into the 
joint. 

Examination of the spinal fluid in all cases showed 
the polymoi-phonuclear neutrophilic leucocyte to be the 
predominant cell with varying numbers of endothelial 
cells present The largest number of endothelial cells 
found were in the fluid obtained from Case 31, in 
which diplococci were very few audi hard to find. In 
many cases these endothelial cells were phagocytic for 
meningococci and not infrequently contained polymor- 
phonuclear leucocytes in various stages of dismitegra- 
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tion. In a very few cases with a dimiimtioii) of tur- 
bidity of the spisal fluid an increase iii> lymphocytee 
waa noted and in one case, well along in the course of 
the disease, differential count showed 98 per ceuit. of 
lymphocytes. As a rule the neutrophilic leucocytes are 
very much in excess, and as the fluid becomes clearer, 
while they dimdnish in numbers^ differential count still 
shows them to be approximately 90. per cent, or more 
of all cells. The number of diplococci present in the 
spinal fluid seems to have no bearing on the sererity 
of the clinical symptoms. In some oases in which there 
was most marked petechial eruption, coma and mieoiin- 
geal symptoms, it was diflScult to find organisms. Occa- 
sionally organisms could be found only after cultures 
had been made or after incubation for twelve hours 
of the original spinal fluid. On examination of such 
incubated spinal fluid one often finds very numerous 
intracellular and extracellular meningococci, which can 
then be cultivated more readily. 

In most cases in which recovery takes place after the 
injection of serum the spinal fluid progressively be- 
comes clearer and diminished- in amount. In several 
cases, especially those in which few or a moderate num- 
ber of meningococci were found, these could not be 
cultivated subsequent to the injection of serum, though 
they grew readily at first. In such cases, ad a rule, 
the diplococci do not stain well. At other times growths 
could be obtained until after the second or third dose 
of serum had been admjinistered, and occasionally 
when considerable amounts had been given, after longer 
intervals of time had elapsed. In cases in which the 
microorganisms, both intracellular and extracellular, 
are present in exceedingly large numbers, it has been 
my experience that the prognosis is not so good, even 
though the patient may present no worse symptoms 
clinically than other patients from whom fewer organ- 
isms have been obtained. In such cases rises in tem- 
perature following the administration of serum have 
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taken place several tinues, and in one case in particular 
I could not help but feel that more endotoxinfi had been 
liberated than could be properly taken care of by the 
antitoxic properties of the senira. or by the patient 
himself. In such cases I should feel like giving a small 
amount of serum intraspinally with frequent repeti- 
tions and larger amounts subcutaneously. Or, if large 
amounts be used -intraspinally they should be sufiB- 
ciently large (for example, 30 c.c. or more) to pro- 
vide antitoxic projjerties enough to neutralize the endo- 
toxins liberated. It should be advisable, also, to ad- 
minister considerable serum subcutaneously. 

Absence of fever does not mean necessarily a better- 
ment in condition, as frequently a very purulent spinal 
fluid is withdrawn in cases with normal temperature 
when seen. 

In several induces in which it has been difficult to 
find meningococci on first puncture and in which cells 
containing the meningococci contained very few, after 
the administration of serum and subsequent withdrawal 
of fluid, I have repeatedly found cells packed with men" 
ingooocci, though possibly there were no more phago- 
cytic cells than on first examination. This would indi- 
cate that opeondns played a definite part in the process 
of immunization. The poor staining of the meningo- 
cocci seen after the use of the serum would seem to 
point to definite bactericidal properties in the serums 

Some of the cases presented features of unusual in- 
terest, and I shall briefly mention them. 

In Case 2, which was almost in the third- week of the 
disease, the disease terminated abruptly after the with- 
drawal of fluid and injection of serum. 

Case 8 was interesting because a young man desper- 
ately ill was cured by subcutaneous injections of serum, 
only 5 cc. having been given intraspinally. The sub- 
cutaneous method was used because frequent attempts 
to withdraw fluid by puncture were unsuccessful, only 
a few drops of bloody serum being obtained. 
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In Case 12 the question arises whether the liberation 
of endotoxins following the injection of serum had any- 
thing to do with the appearance of a marked chill, 
cyanosis and rise of temperature to 106 degrees with 
death shortly afterward. 

In Case 13 puncture and injection of serum was made 
in less than two hours after development of meningeal 
symptoms with, a result that the diaease was promptly 
arrested in its progress in spite of the fact that there 
was much pus present and fairly numerous meningo- 
cocci. 

Case 17 is of interest because sharply staining Gram- 
negative intracellular diplococci were found in the 
spinal fluid at the time of puncture, approximately 
four months after onset. Cultivation of these were un- 
successful. 

Patient 19, a child seven months old, was discharged 
apparently well sixty-one days after the onset of the 
disease, but was readmitted seventeen days after the 
discharge on account of convulsions associated with 
twitching of the right side of the face and of the ex- 
tremities on tlie right side. There had been four such 
attacks, beginning six days after discharge from the 
hospital, and the child was admitted the second time 
during the fourth attack, which lasted five hours. This 
attack was promptly checked by lumbar puncture and 
the withdrawal of 35 c.c. of perfectly clear fluid. Xo 
further attacks have since developed. 

In Case 23 it was difficult to tell what marked the 
onset of the cerebrospinal meningitis; whether an acute 
process due to the meningococcus was engrafted on a 
more chronic obscure trouble, or whether from the first 
the condition was due to a mendngoooccus infection of 
unusual onset. 

In Case 25 a condition of hydrocephalus in which 
large amounts of clear fluid were obtained by puncture, 
following the subsidence of the acute meningeal symp- 
toms and which gave every evidence of becoming chronic. 
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evaatually subsided completely and the child renoaiiis 
well at the present. 

The feature of particular interest in Case 29 was tlie 
direction followed' by the aspirating needle in getting 
into the spinal canal. Attempts to get the needle in 
by the direct method in the mid-line, or by the up-an-in 
nK*thod, starting slightly below the mid-line, resulted 
Twgatively, and fluid was obtained only when the needle 
was directed down and out, the needle being inserted 
l3elow the mid-line between the third and fourth lumbar 
vertebrsE. The child in this case was the subject of 
coDgenital lues, and no marked degree of scoliosis was 
present. 

Case 31 is the most interesting and important of the 
series. 

Patient. — ^M. N., male, aged 28, was perfectly well on the 
early morning of May 16, 1908. 

Onset of Disease. — At 9 o'clock in the morning, May 16, the 
patient felt sick and was seized with a violent chill. Temper- 
ature of 103 F., with a pulse of 100, and normal respirations 
developed about 3 o'clock in the afternoon of the same day. 
Patient was seen by Dr. Cheetham at 10 o'clock in the morning. 
Xo meningeal symptoms were present at this time. On the 
evening of the 16th headache developed and at 3 o'clock in the 
morning of May 17 the patient became wildly delirious and 
unconscious. At 6 o'clock opisthotonus, Kernig's sign, petechial 
eruption, with true hemorrhages into the skin, and general 
rigidity were present. 

Clinical Course and Treatment. — ^May 17: The patient was 
brought to Lakeside Hospital at 2 p. m. At this time temper- 
ature was normal and the pulse 100. The patient was still 
wildly delirious and unconscious and required the efforts of 
three men to control him while chloroform was administered 
and lumbar puncture performed. Forty c.c. of quite turbid 
fluid was obtained and 30 c.c. of serum injected. Examination 
of this fluid showed a very rare and rather poorly staining 
intracellular diplococcus. Cultures were made and the original 
fluid incubated with the result that typical meningococci grew 
out in large numbers in the incubated fluid and a few colonies 
developed on artificial cultures. 

May 18: The patient was better. Temperature was normal 
and pulse still about 100. There was still marked rigidity and 
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Kemig's sign was present. Semiconsciousness was present, 
though at times patient could be aroused and made to answer 
questions intelligently. At 10 o'clock a second puncture was 
done and 25 c.c. of still turbid fluid was obtained. Fifteen 
c.c. of serum was given. Bacteriologic examination of this 
fluid gave results similar to those obtained at the time of first 
puncture, except that cultures failed to develop and even in 
the incubated fluid the meningococci did not increase in num- 
bers. From this time on no further growth was obtained from 
the spinal fluid. 

May 19: A third puncture was made and 45 c.c. of slightly 
blood tinged, but less purulent fluid was obtained. This 
came out under considerable pressure. Fifteen c.c. more 
of serum was injected intraspinally. The patient's 
mental condition was much brighter. Kemig's sign was still 
present but opisthotonus and muscular rigidity was less marked 
and the petechial eruption was beginning to fade. On this day 
the temperature went up to 100 with a pulse of 100, though the 
pulse was of a better character than at any time previous. 

May 20: The temperature rose to 101, though the patient's 
condition was gradually improving as regards mental and 
meningeal symptoms. Lumbar jjuncture was performed and 25 
c.c. of very slij^htly blood-tinged and still less purulent fluid 
obtained. Fifteen c,c. of senmi was injected. 

May 21 : The patient's condition w^as so good that no lumbar 
puncture was made. Temperature was 101 F., pulse 90. 

May 22: The patient's temperature continued to be 101, 
though all other sjTiiptoms were disappearing. Lumbar punc- 
ture was performed and 10 c.c. of quite clear fluid was obtained. 
Fifteen c.c. of serum was administered. The patient's mental 
condition was perfectly clear and except for very slight rigidity 
of the cervical muscles, and a still-present Kemig's sign, the 
meningeal symptoms had disappeared. Temperature still re- 
mained about 101 and continued at that point until May 25. 

"May 25: The temperature reached 103. The patient first 
complained of pain in tlie left knee joint. Examination of the 
joint demonstrated increased surface temperature, marked 
tenderness on palpation, and moderate bulging of the bursas 
around the joint. Ice-bags were applied and the leg placed in 
a pillow splint. 

May 26 : The joint %\tis more painful and hot and tliere was 
marked fluctuation present. The slightest motion caused ex- 
cruciating pain. Aspiration was resorted to and 30 c.c. of 
thick purulent fluid obtained. Microscopic examination of 
this showed a very rare poorly staining intracellular diplo- 
coccus. Xo other micro-organisms were present. Cultures 



Digitized by LjOOQIC 



270 

failed to develop even after incubation of the fluid. Fifteen 
e.c. of serum was injected into the joint through the aspirating 
needle. 

May 27: The patient felt better, though there was gtill 
marked fluctuation present and great tenderness on motion. 
Temperature was 100. Aspiration was again resorted to with 
a result that about 40 c.c. of still very markedly purulent fluid 
was obtained. Fifteen c.c. more of serum was injected. Ex- 
amination of the fluid removed resulted negatively insofar as 
cultures were concerned. When aspirating on this day lateral 
pressure was used in order that as much fluid as possible 
might be obtained. This was not done at the time of the first 
aspiration. The patient was told that if on the following 
morning he did not show more marked improvement surgical 
procedures would have to be resorted to. 

May 28: The patient felt much better and therj^ was less 
fluctuation, tenderness and surface temperature. Aspiration 
was again resorted to and 10 c.c. of distinctly less turbid fluid 
obtained, even though lateral pressure was exerted. 

May 29: The temperature was perfectly normal and has 
remained normal since. There was no tenderness on palpation, 
surface temperature i^nas normal, and patient could move the 
knee slightly. Aspiration resulted in tlie withdrawal of 2.5 
c.c. of very slightly turbid fluid. Fifteen c.c. more of serum 
was injected. Since this date patient has had no more tender- 
ness on motion and pressure can be exerted on the knee joint 
without pain. Bulging has disappeared. 

May 31: There was an angle of flexion amounting to 90 
degrees and there is every evidence that the joint will be cured 
with little or no limitation of motion. 

Here, then we liave aiu illustration of the specific 
action of antiserum as applied to one of the most com- 
mon complications of cerebrospinal meningitie, namely, 
artliritis, and that, too, of a suppurative character, with 
a result that so far is truly astonishing. Knowing the 
feeble powers of resistance on the part of the tissues of 
the knee joint in warding off infection, I eonfesB that 
when I saw thick pus withdrawn by my syringe I felt 
that nothing but surgical intervention would save the 
joint, for I have little faith in the medical treatment 
of purulent joints. Having seen so often the beneficial 
results arising from the administration of this serum 
when injected intraspinally I saw no reason for not 
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tning senum in this locality. While it is too soon to 
state definitely that there will be no limitation of mo- 
tion, I feel confident, by reason of the rapid strides 
made so far, that there will be little, if any. So far as 
my personal knowledge extends — for I have not as yet 
had the opportunity of looking up the literature on the 
subject — ^this is the first case in which a suppurative 
knee has been treated by direct injection into the joint 
with a specific serum of undoubted bactericidal and anti- 
toxic properties. Tliis case, of coourse, opens up the 
problem of treating suppurative conditions of joints due 
to other micro-organisms with specific antidotal serum, 
provided, of course, that such sera can be produced for 
the given micro-organisms. 

In conclusion, I can do no more than say that, so 
far as I myself am concerned, I have no doubt as re- 
gards the wonderful efiicacy of Dr. Plexner's serumi in 
the treatment of epidemic cerebrospinal meningitis, 
provided it is used on patients not moribund or on those 
in whom chronic hydrocephalus has not already devel- 
oped. I confidently believe that statistical reports ex- 
cluding these cases will show that our percentage of 
recovery will contrast favorably with our previously 
high percentage of deaths. 

Laboratory of Clinical Microscopy, Western Reserve Univer- 
sity, Lakeside Hospital. 

DISCUSSION 

ON PAPERS OF DRS. LADD AND SLAOEN. 

Db. William S. Chase, Akron, Ohio: During the epidemic 
of cerebrospinal meningitis that occurred in Akron in the lat- 
ter part of April and in the months of May and June, 1907, 
there were 22 cases of this disease. Of that number, 12 
patients received the antiserum intraspinally; 10 did not 
receive it. Of the 12 treated with the serum, 9 recovered and 
3 died, a mortality of 25 per cent. Of those not receiving the 
serum, 1 recovered and 9 died, a mortality of 90 per cent. 
Of the 3 patients who received the serum, 1 was moribund at 
the time of receiving the injection; another case was of the 
fulminating type, the type that Dr. Flexner has considered 
hopeless; the third patient received 15 c.c. of the serum twen- 
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ty-four hours after the onset of symptoms, and the reaction 
was as marked and striking as in any case that went on to 
complete recovery. But this patient died suddenly and with- 
out warning. An autopsy was not permitted. If one or two 
of these fatal cases could be eliminated, there would be shown 
about the same percentage of recoveries when the serum was 
used as the percentage of deaths when it was not used. These 
figures, taken from the same epidemic, he regarded as most 
impressive. All the patients that received the serum were 
treated at the Akron City Hospital. The clinical diagnosis 
in each instance was made by an examination of the cerebro- 
spinal fluid and the detection of the Diplococcus intraccllu' 
laris. In the first case, which immediately followed those seen 
at Gastelia by Dr. Ladd, we, the members of the staff, were in 
doubt regarding the dosage and did not give over 10 c.c. 
There was nothing at that time to govern the dosage in 
human beings. The first 2 cases, while each patient recov- 
ered, ran a prolonged course. We were careful at first not to 
inject any more serum intraapinally than the amoimt of fluid 
they withdrew; therefore, in one case 5 c.c. were given as an 
initial dose. Afterward we disregarded this rule as an unnec- 
essary precaution. Only 2 cases showed any pressure symp- 
toms, and in both of these we were careful not to inject more 
serum than fluid withdrawn. The effect of the serum when 
injected intraspinally has already been described in detail by 
Dr. Barker. I wish to lay special emphasis, however, on the 
point that the effect of the serum in ameliorating the symp- 
toms can not be given in a statistical report or be depicted 
graphically on a clinical chart. One must see these cases in 
order to realize the general improvement coming within 
twenty-four hours after the injection. In the first one or two 
cases we wanted to see if the same results followed lumbar 
puncture without the injection of serum. The reaction was 
not marked. There was no striking drop in the temperature 
and no amelioration of mental symptoms. We did this because 
we had practically nothing to guide us in reaching a conclu- 
sion as to the relative merits of the serum. I agree with what 
the other speakers have said in regard to the necessity of 
making intraspinal injections early in order to get the best 
results. But in my series of 12 cases benefit followed the 
intraspinal injections of the serum even in cases which had 
run a course of ten or fifteen days. In one case, which had 
been a very severe one (all the patients treated by the serum 
were comatose or delirious at the time of receiving the first 
injection), the patient did not get the serum until the tenth 
day and then received but one injection. Marked improve- 
ment followed and the temperature dropped to normal in 
twenty -four hours. In another case the injection was made 
on the tenth day with a similar result. The temperature fell 
to normal and the patient passed from a period of wild de- 
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lirium to one of perfect quiet. He made a complete and quick 
recovery. What impressed me very much about the cases in 
which the serum injections were given was the absence of 
sequelsB. In no case were there any of the eye or ear symp- 
toms which usually follow the epidemics of cerebrospinal 
meningitis. The only sequela which persisted in any case was 
in one patient, a partial paralysis of the leg muscles. This 
case ran a course of five or six weeks. In 5 the cases termin- 
ated by crisis; in 4 by lysis. None of the patients received 
any medication whatsoever, except where it was necessary to 
give an injection of morphin or hyoscin to quiet the severe 
delirium. 

Db. Frank S. Johnson, Chicago: I have a patient at pres- 
ent under my care who was treated with the serum. This 
case had a gradual onset, and it was not until the patient had 
been in the hospital for some time did we procure the serum. 
During the early stages the patient, a boy, had no mental 
impairment whatever. There was a gradual onset of the 
cerebral symptoms. When he received his first injection, 
however, he was delirious. Fifteen or 20 c.c. of cerebrospinal 
fluid were withdrawn and the same amount of serum was 
injected. After the first injection the patient's temperature 
fell, but the delirium continued and it was necessary to give 
a second injection, and more injections; in two weeks this 
patient had received 200 c.c. of Flezner's serum. Finall^^ the 
delirium disappeared. After the last injection there was a 
slightly elevated but fluctuating temperature. This I attrib- 
ute to an incomplete destruction of the infection or perhaps 
to the effect of the serum which was given. There was no 
complication following the trouble, except a slight impairment 
in the strength of the left arm and left foot. The patient 
otherwise made a good recovery. 

Db. Edwabd F. Wells, Chicago: The only case of cerebro- 
spinal meningitis in which I have seen the serum used was at 
the Cook County Hospital. This patient was severely ill with 
the ordinary symptoms that attend this malady. There was 
mild delirium, unconsciousness, high temperature, etc. He had 
been sick for four or five days when the first injection of the 
serum was administered. The fluid recovered from the spinal 
puncture previous to the injection was exceedingly turbid and 
the cellular elements so numerous that an accurate count was 
not practical. Following the first injection there was a 
marked amelioration of all the symptoms and the character 
of the spinal fluid changed, becoming clear in a remarkably 
short time. Altogether three injections were given, the symp- 
toms promptly subsiding, and the patient made a prompt 
recovery. Two other cases were treated at the Cook County 
Hospital, both with the serum, and recovery followed in these 
instances as well. Without knowing all the facts in these 
two cases, I know that both received the serum late, and the 
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symptoms were not so characteristic and the serum did not 
produce the same changes as in my own case. 

In estimating the value of any treatment of cerebrospinal 
meningitis, it is only fair to say that the malady itself would 
vary greatly in seriousness and dangers from various causes. 
I have had occasion to observe two epidemics of cerebrospinal 
meningitis occurring on virgin soil. In both of these epidemics 
the cases were exceedingly severe and had a high mortality. 
In both, as time went on, the malady became less severe and 
there was a larger proportion of recoveries. In Chicago we 
have had cerebrospinal meningitis with us since the World's 
Fair, and the disease has been rather mild. At this stage in 
the estimation of the value of Flexner's serum I am of the 
opinion that personal impressions should be considered rather 
than the statistics. I wish mildly to criticize Dr. Ladd in 
this. When one cuts out of his statistics a certain class of 
cases, as Dr. Ladd did, much force is lost. I suggest that 
when one begins to eliminate certain classes in a series of 
cases, a beginning should be made at the other end by a 
plain statement that in this series, for instance, 36 per cent, 
would recover in any case with ordinary or no treatment. 
Dr. Chase, in his published paper, stated that out of 12 pa- 
tients recovered under the serum treatment j while of 10 
patients who had not received the serum treatment 9 died. 
Now when such statistics, accompanied by the statement that 
the physician's opinion, based on personal observation of the 
cases, was favorable to the usefulness of this serum, was 
presented to us we should sit up and take notice. 

Dr. Joseph Eichbebo, Cincinnati: During the last two 
months epidemic cerebrospinal meningitis has been prevalent 
in Cincinnati, and from 15 to 18 hospital cases have been 
treated with the serum. Cultures were taken at the time the 
first injections were given, and the cases were known to be 
distinctly epidemic cerebrospinal meningitis, the symptoms 
usually being very severe when the puncture was made. The 
observations made on these cases are as yet incomplete, but 
they substantiate what has been stated in regard to the imme- 
diate benefit afforded by the use of the serum. I think it is 
justifiable, even if later studies do not establish the cura- 
tive value, to give the serum as soon as the diagnosis is made. 
The results from the serum in patients over 30 years of age 
in our series of cases were not as good as were secured in the 
younger subjects so far as the primary effects were concerned. 
The best results were obtained in those patients whose ages 
ranged from 8 to 25 years. In two cases there appeared a 
papular eruption very much like that of measles, except that 
the papules were much larger. They were crescentic in 
shape and tended to become confluent; this eruption appeared 
in two patients and within twenty-four hours after the use of 
the serum in both instances. It caused little inconvenience. 
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At the point of the introduction of the injection^ local anesthe- 
sia was at first produced by means of ethyl-chlorid spray; this 
sometimes results in a deep and extensive ulceration about 
the point of introduction of the needle, as the local nutrition 
was interfered with in consequence of pressure after the 
freezing. After this experience we gave the patient a few 
whiffs of chloroform and discarded local anesthesia. I think 
that it is still too early to judge of the curative effects of the 
serum because of the great variability of the virulence of the 
epidemics. In the present epidemic the percentage of recov- 
eries is high. But it seems to me that we are justified in 
using the serum because of the immediate primary change in 
the symptoms and the favorable turn produced evidently by 
the serum. There is the immediate relief of the headache, a 
decline in the fever, a marvelous clearing up of mental symp- 
toms, a subsidence of the delirium, all caused by this senmi, 
reminding one of the clearing up of the symptoms in diph- 
theria under the infiuence of the antitoxin. 

Dr. D. E. English, Millbum, N. J.: Does Dr. Ladd give 30 
c.c. of serum intraspinally at the first injection ? Does he give 
the amount of serum that corresponds to the amount of 
cerebrospinal fiuid removed? Or does he try to take away 
more fiuid than he wishes to give of the serum? Is the sub- 
cutaneous dose larger than the intraspinal dose? 

Dr. O. M. Gilbert, Boulder, Colo.: I chanced to see a 
case of cerebrospinal meningitis in a specially severe epidemic 
in which the streptococcus was more in evidence than the 
Diploooccus intracellularis. The bacteriologist who made the 
examination first reported back that it was a case of pure 
streptococcus; but later the diplococcus was found. The giv- 
ing of 20 c.c. streptolytic serum resulted in recovery. We had 
no Flexner serum. Eighty per cent, of our patients had 
been dying. Would not the streptolytic serum be of value 
when both germs are demonstrated? 

Da. L. W. Ladd, Cleveland: I have had little experience in 
the use of the Flexner serum in other than the meningococcus 
type of cerebrospinal meningitis. I have used it in several 
cases of tuberculous meningitis, but without any result what- 
ever. In one case of meningitis in which streptococci and an 
unidentified streptothrix were associated I used the serum. 
The patient was moribund when seen and died three hours 
afterward. In Wheeling, W. Va., I have seen a case which 
I thought one of tuberculous meningitis. Lumbar puncture 
was performed and an increased amount of spinal fluid obtained, 
under considerable pressure, but examination of the fiuid 
showed a normal cell picture and no micro-organisms could be 
found on coverslip or by culture. Following the puncture and 
giving of serum this patient recovered, but was not included 
in the reported series. I have used the antistreptococcus 
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serum in one case only. This was the case of a child who had 
had otitis media followed by a mastoid infection and later 
complicated by meningitis. Lumbar pimcture was performed 
and a very thick purulent fluid was obtained in which strepto- 
cocci were present in large numbers. The antistreptococcic 
serum was used repeatedly and was followed by some ap- 
parent benefit, but death ensued in spite of the serum. The 
cases which I reported were all meningococcus infections. 
There were no mixed infections and with one exception the 
meningococcus was present in all. In answer to Dr. English's 
question I generally give the serum intraspinally, but some- 
times both intraspinally and subcutaneously. When little 
fluid is removed by lumbar pimcture I give more subcutaneous- 
ly. The amount given intraspinally depends somewhat on the 
amount of fluid withdrawn. If a large amount is obtained, 30 
C.C. are injected intraspinally. I follow the rule of withdraw- 
ing the fluid until it flows, drop by drop, as under normal 
conditions. Serious symptoms have followed the withdrawal 
of too much fluid at one time. In answer to Dr. Wells* criti- 
cism of my paper, I have purposely given statistics, in the 
first place including all cases irrespective of their condition 
when first seen and irrespective of the length of time which 
had elapsed after onset of the case, and then ruling out such 
cases as were manifestly unfair tests of the efficiency of the 
serum. Surgeons have had great trouble in educating the 
medical profession to turn over to them their cases of appen- 
dicitis for operation, before symptoms of general peritonitis 
developed, in order that the result might be most favorable 
to the patient. The same necessity of early diagnosis and 
early use of serum is present in the treatment of this disease, 
and comparative statistics show this strikingly. Ruling out 
the moribund patients in those seen seventy-two hours or 
less after onset, 93 per cent, recovered. All of the patients, 5 
in number, seen twenty-eight or less hours after onset recov- 
ered. Sometimes, of course, it is impossible to make a diag- 
nosis as soon as desirable. With regard to the nature of the 
substances active in the serum, I do not think that Dr. Flex- 
ner has absolutely committed himself. It certainly is true 
that phagocytosis is stimulated, and in view of the fact that 
the meningococci after the use of the serum were reduced in 
numbers and stained poorly and that the patients treated 
cleared markedly in mentality, it seems reasonable to suppose 
that the serum is both bactericidal and antitoxic in its action. 

Db. Fbank J. Slaben, Baltimore: At a recent symposium 
on this subject before the American Pediatric Society Dr. 
Flexner reported an analysis of 380 cases in which the serum 
had been used. The mortality for 247, the number in this 
country, is about 27 per cent. At this time also Dr. Dunn of 
Boston reported 40 cases with 9 deaths, 22.5 per cent, mortal- 
ity. Dr. Chiu-cliill of Chicago had a mortality of 22 per cent. 
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for 9 cases. And Dr. Wilkinson of Washington, D. C, re- 
ported 3 deaths in 10 cases. The comparison of these statis- 
tic8 with those of the New York epidemic is striking. The 
mortality for 2^05 cases treated without serum was between 
80 and 90 per cent. Dr. Flexner has committed himself, stat- 
ing that he believes the power of the serum is chiefly bacteri- 
cidal. He is a pathologist, and his opinion is based mainly 
on laboratory experiments. Clinically, however, the rapidity 
with which the symptoms and signs clear up impress us with 
the importance of the antitoxic property. 

Db. C. F. Hooveb, Cleveland: One point brought out in this 
discussion should be appreciated by every physician, viz., the 
need of giving the serum as early as possible to anticipate the 
encephalomyelitis which results from meningo-arteritis which 
has lasted several days. 
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In endeavoring to arrive at definite conclusions as to 
the diagnostic value of the recent local tuberculin re- 
actions, we have made a study of the literature on this 
subject to May 1, 1908, to which we have added the 
results of personal observations on 1,242 cases. Tlie 
review of the literature includes the opinions of nine 
authors on their results with animal experiments; the 
reports of 41 authors on 5,032 cases of all ages subjected 
to these reactions, 3,477 to the conjunctival reaction and 
1,546 to the cutaneous reaction. Our own investiga- 
tions were made on adults only at the St. Louis City 
Hospital and the St. Louis University Medical School. 
They consist of 499 cutaneous reaction and 743 con- 
junctival reactions on 125 positive tuberculous cases, 190 
suspect tuberculous cases, 700 other diseases not tuber- 
culous clinically and 90 clinically normal incjividuals. 
The sum total of all cases considered is 6,305. 

TECHNIC. 

Cutaneous Ueaction. — The technic according to von 
Pirquet^ is so well known that it needs no description. 
In our own work, after considerable experience, we 
simplified this technic as follows: The skin is cleaned 

1. Berl. kUn. Wchnschr., May 20, June 3, 1907. 
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with ether, the blood-lancet vaccinator recommended by 
Pirquet is sterilized in an alcohol flame and the clean 
skin is scarified until the epidennis is removed, if pos- 
sible, without drawing any blood. The vaccinator is 
then wiped dry with ether and again sterilized in the 
flame; then it is dipped in the 25 per cent, tuberculin 
(0. T.) and lightly applied to the skin, thereby carry- 
ing a small drop of the solution to the skin at a prox- 
imal point to the control spot, through which the patient 
is again vaccinated. We used solutions of 0.5 per cent, 
phenol, 0.8 per cent, sodium chloride solution, concen- 
trated glycerin bouillon, on which tubercle bacilli had 
not been grown, and distilled water for control inoc- 
ulations. Vaccinations with these solutions, as well 
as the dry method described above, were constantly 
negative. Our standard of a positive reaction was that 
of von Pirquet's,* i.e., an elevated papule extending more 
than 5 mm. from the nyirgin of the inoculation. 

Other methods which are practically modifications of 
von Pirquet's have been attempted since his conmiuni- 
cation. Naegeli and Akerblom* demonstrated that by 
rubbing a dead culture of bacilli on the skin of tubercu- 
lous patients they could produce a typical tuberculin 
reaction. They say that this is a tuberculous reaction, 
and that the tuberculin is produced by the action of 
the soluble products of the skin on the tubercle bacilli, 
and ifi not dependent on living bacilli in the skin. 
Moro's* method, which he calls the "percutaneous re- 
action, is made by rubbing a 10 per cent, ointment of 
old tuberculin (Koch) in lanolin into the skin. A 
positive reaction is described as "multiple small nodules 
at the site of inunction" in from 24 to 48 hours. He 
obtained many more positive results with this than with 
the conjunctival reaction, and observed no unfavorable 
effects from it. In scrofula, Oppenheim,* Pfaundler,* 

2. Wlen. Therap. Monatschr., January, 1908, zxiL 
8. Manchen. mcKl. Wchnschr.. 1008, No. 6. 

4. Wlen. kiln. Wchnschr., 1008, No. 82. 

5. MUnchen. med. Wchnschr., Jan. 26, 1907. 
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Moro* and DoganofiT demonstrated there is a specific 
hypersensibility of the skin to tuberculin, therefore, a 
weaker solution should be used. 

Conjunctival Reaction. — ^The most satisfactory technic 
recommended for adults is the instillation of a 1 per 
cent, of old tuberculin in boric acid physiologic saline 
solution, with a repetition of a 2 per cent, solution in 
the other eye in case the first instillation is negative. 
Baldwin* claims, however, that a 2 per cent, solution is 
too strong, as he obtained a positive reaction with it in 
a normal individual who had not reacted to a sub- 
cutaneous injection of 10 mg. of tuberculin (0. T.). 
Colin' and others, on the contrary, used as high as a 4 
per cent, solution. He recommends that a 2 per cent, 
solution should be instilled in one eye, and if the reaction 
is negative a 4 per cent, solution should be instilled in 
the other. If the first instillation (2 per cent.) is posi- 
tive, he controls this by using a 1 per cent, in the 
other eye. 

Calmette^® first recommended instilling a 1 mg. of a 
suspension of the dried precipitated toxin. This he ob- 
tained by precipitating Koch's old tuberculin with 
alcohol, drying the same and suspending in sterile water 
so that one minim equals 1 mg. Schmidt^^ found that 
a 1 per cent, of dried tuberculin (Hoescht) was equal 
to a 10 per cent, of Koch's old tuberculin, and ten times 
stronger than the preparation marketed by the Pasteur 
Institute at Lille, and produced positive reaction in non- 
tuberculous cases. Rosenau and Anderson^^ demon- 
strated that a second instillation in the same eye always 
gave a positive reaction, even in non-tuberculous cases. 
The first instillation hypersensitized the eye so that 

6. Wlen. kUn. Wchnschr.. 1907. No. 31. 

7. Wlen. kUn. Wchnschr.. 1907, xxxl. 

8. THE JouBNAL A. M. A., Dec. 14, 1907, xllx. 

9. Berl. kiln. Wchnschr., 1907, No. 47. 

10. Presse m6d.. July 13, 1907. 

11. Manchen. kiln. Wchnschr., Jan. 14, 1908. 

12. Tub Joubnal A. M. A.. March 21, 1908, 1, 961. 
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when it was re-instilled it reacted positively on account 
of the first instillation and not because of a tuberculous 
process. 

The question has arisen in our minds whether those 
reactions occurring with the second instillation in the 
opposite eye may not also be due to a general anaphylaxis 
caused by the first instillation, and not to antibodies 
which are supposed to be created by the first instillation. 
Schorer and Koyes in a verbal communication to us 
said they had obtained positive conjunctival reactions 
from instilling dried precipitate of a concentrated 
glycerin bouillon which had not been inoculated with 
tubercle bacilli. They obtained a precipitate from this 
by adding alcohol, which produced practically the same 
results as had a precipitate of the old tuberculin. 

In our own work we controlled our conjunctival re- 
actions with a boric acid saline solution and a concen- 
trated glycerin bouillon prepared in the same way as 
old tuberculin without having tubercle bacilli grown in 
it. All these control instillations give negative reactions 
in the four different variety of cases reported. We used 
preparations from Parke, Davis & Co., Mulford & Co., 
Pasteur Institute of Lille, and the Alexander Laboratory 
Co., with practically the same results. Our dilution 
of old tuberculin was a 1 and 2 per cent, dilution in 
physiologic saline solution. We made only one instilla- 
tion in the eye. Our positive reactions would no doubt 
have been much higher had we inoculated the opposite 
eye in those cases in which we got negative reactions. 

HISTOLOGY. 

Cutaneous Reaction. — ^Burnet's^* histologic findings 
or positive reaction in tuberculous guinea-pigs were 
"necrosis and separation of the epidermis, resembling 
that which takes place in a bum ; beneath this scar was 
an infiltration of polynuclear leucocytes, characterized 
by an absence of strong chemotaxis of these cells." 

13. Soc. de Biol.. 1907, Ixil. No. 22. 
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Conjunctival Reaction. — Sabrazes and Dupres" found 
the exudate to be of a white, hyaline aspect, consisting 
of concrete mucous and not fibrin, containing (1) enor- 
mous neutrophilic polynuelear leucocytes well preserved, 
some vacuolated or in fatty degeneration ; a great num- 
ber giving a more or less marked iodophilic reaction; 
(2) changed or altered epithelial cells; (3) rare or un- 
usual lymphocytic elements and large mononuclear cells 
with or without vacuoles. Isolated eosinophiles excep- 
tionally. No mast cells. Notwithstanding the poly- 
nuclear cytosis and the intensity of the exudate, a pro- 
longed search showed only an occasional rod of a 
pseudodiphtheretic type which probably has no relation 
to the toxin. From the above they conclude that it is a 
toxic conjunctivitis. 

ANIMAL EXPERIMENTS. 

Lignieres" and Valle*® produced positive conjunctival 
and cutaneous reactions in tuberculoifs cattle and horses, 
and constantly obtained negative reactions in these nor- 
mal animals. Klemperer" observed only one negative 
cutaneous and conjunctival reaction in a series of tuber- 
culous cattle. Positive reactions have been demon- 
strated by Valle** in tuberculous dogs and rabbits, and 
by Klemperer in guinea-pigs and dogs. Wildbolz^s^' 
autopsy findings in rabbits confirmed the value of these 
reactions. He obtained negative results with both these 
reactions in twenty normal rabbits which, with one ex- 
ception, gave positive reactions to both tests six weeks 
after they had been inoculated in the bladder with 
tubercle bacilli. 

Necker and Paschkis*" report that the inoculation of 
animals has confirmed the value of the cutaneous reac- 

14. Gee. hebd. d. sc. m«d. de Bordeaux, July 21, 1907. 

15. Semaine m^., 1907, p. 586. 

16. Acad. d. sc, May 27,^ Jane 17, 1907 ; Semaine m6d., 1907, 
pp. 85, 300. 

17. Deutscb. med. Wchnschr., 1908, No. 4. 

18. Berl. kiln. Wchnschr.. March 1ft. 1907. 

19. WIen. kiln. WVhnachr., March 5, 1908. 
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tion in tuberculosis of the genitourinary tract. In forty- 
two suspected cases of genitourinary tuberculosis in the 
human they had only one positive cutaneous reaction 
which was not substantiated by animal inoculation of 
urine. Notwithstanding the above favorable reports, a 
majority of the investigators have reported unsatisfac- 
tory results with these experiments. Arloing*® observed 
in nineteen tuberculous animals (cats, goats, dogs, rab- 
bits and guinea-pigs) a positive cutaneous reaction which 
could not be considered specific, however, because the 
identical reaction occurred in nine normal control 
animals. 

Joannowics and Kapsammer*^ obtained negative re- 
sults with both reactions in a large series of tuberculous 
guinea-pigs. Levi and Klopstock^^ did not obtain a 
positive conjunctival reaction in the series of tubercu- 
lous guinea-pigs and dogs. Vaccination of tuberculous 
guinea-pigs with from a 1 per cent, to a pure solution of 
tuberculin constantly gave negative results. One animal 
gave a positive conjunctival reaction and on postmortem 
no tuberculous lesion was found. One which had given 
a positive conjunctival reaction to a 1 per cent, solution 
was free of tuberculous lesions at autopsy. WolflP^ did 
not produce positive reactions in tuberculous guinea- 
-pigs or rabbits, although these animals gave positive 
reactions to the subcutaneous test. From these investi- 
gations one must infer that the results of this research 
have been so variable as not to aid the establishment of 
the specificity of these reactions. 

POSITIVE TtJBEBCULOSIS. 

Cutaneous Reaction, — In 500 cases of positive tuber- 
culosis, in patients between the ages of 5 and 14 years, 
von Pirquet reports 88 per cent, positive and 12 per 

20. Soc de biol.. June 22, 1907. 

21. Berl. kiln. Wchnschr., 1907. No. 45. 
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cent, negative reaction?. In a series of 143 eases 
(Table 1), of patients of all ages compiled of seven dif- 
ferent authoi-s, 70 per cent, gave positive reactions and 
30 per cent, negative. In our own investigations of 55 
cases (Table 10) 31 or 56 per cent, of the patients gave 
positive reactions, and 24 or 44 per cent, negative. A 
majority of our patients were in the third stage. 

Conjunctival Reaction, — Of 1,572 cases by 30 dif- 
ferent authors (Table 5) selected from the literature, 
86 per cent, of the patients gave positive and 14 per cent, 
negative reactions. Schroeder and Kaufman^* (Table 
9) from a collection of 971 cases report that the patients 
in 88.5 per cent, gave positive and in 11.5 per cent, nega- 
tive reactions. Our own results (Table 10) in the 
positive tuberculous cases with the conjunctival reaction 
was that of 70 patients 52 or 74 per cent, were positive 
and 18 or 26 per cent, were negative. The majority of 
these patients also were in the third stage. WolflP" found 
30 per cent, of the patients in the first and second 
stages of tuberculosis reacted negatively to the con- 
junctival test and 37 per cent, negatively to the cu- 
taneous reaction. Heinemann reports six cases of pa- 
tients in the first and second stages of tuberculosis and 
Levi" four cases of patients not in the advanced or 
cachectic stages of tuberculosis (one of the kidney, one 
of the prostate, two of the knee-joint), which gave nega- 
tive reactions. Webster and Kilpatrick^^ report cases of 
patients with beginning tuberculosis which gave negative 
conjunctival reactions. Mentoux'* obtained negative 
conjunctival reactions in ten positively tuberculous chil- 
dren in the first stages of disease, MacLennan^^ obtained 
negative reaction in early tuberculosis (patients with 
hip disease in good condition and in two patients with 
phthisis which reacted positively to 10 mg. of tubercu- 

24. Mtinchen. med. Wchnschr., Jan. 14, 1908. 

25. Brit. Med. Jour.. Dec. 7, 1907. 

26. French CongreBS for Internal Medldne, Paris, Mtinchen. m^. 
Wchnschr., Jan. 14, 1908. 

27. Brit. Med. Jour.. Dec. 7, 1907. 



Digitized by LjOOQIC 



285 

lin (0. T.) subcutaneously) . Kleinberger^* reports 7 
negative and 2 doubtful reactions of 17 patients with not 
advanced tuberculosis. 

SUSPECTED TUBERCULOSIS. 

Cutaneous Reaction, — in a series of 23 cases of chil- 
dren von Pirquet^ reports 5 positive and 18 negative re- 
actions. The patients in the 5 positive cases proved to 
be tuberculous and 15 of the patients in the negative 
cases were found to be free from tuberculosis at necropsy. 
In 195 cases of five authors (Table 2) 55 per cent, of the 
patients reacted positively 44.5 per cent, negatively and 
in 0.5 per cent, the results were doubtful. In our own 
results (Table 11) of 55 patients with suspected tuber- 
culosis other than pulmonary (arthritis, adenitis, peri- 
tonitis, meningitis, etc.) 30 or 55 per cent, reacted pos- 
itively and 23 or 45 per cent, negatively. In 42 patients 
with clinical symptoms of pulmonary tuberculosis 
(Table 12) 28 or 67 per cent, reacted positively and 33 
per cent, negatively. 

Cutaneous Eeaction. — In a series of 23 cases of chil- 
( Table 6) 48 per cent, of the patients reacted positively, 
50 per cent, negatively and in 2 per cent, the reaction 
was doubtful. Schroeder and Kaufman^* (Table 9) re- 
ported practically the same percentage, 51.4 per cent, 
positive and 48.6 per cent, negative. For our own re- 
sults (Table 11) in 40 cases other than pulmonary 21 
or 52 per cent, of the patients resulted positively and 
19 or 48 per cent, negatively. Of 52 patients with the 
clinical symptoms of pulmonary tuberculosis 15 or 28 
per cent, reacted positively and 38 or 72 per cent, nega- 
tively (Table 12). 

OTHEK DISEASES CLINICALLY NON-TUBERCULOUS. 

Cutaneous Reaction. — Of 252 cases in the literature 
(Table 3) 15 per cent, of the patients reacted positively 
and S^ per cent negatively. In our own results (Table 

28. MUnchen. med. Wchnscbr., Jan. 14, 1908. 
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13) in 268 cases 149 or o6 per cent, of the patients re- 
sulted positively and 119 or 44 per cent, negatively. 

Conjunctival Reaction, — From a total of 932 cases 
collected (Table 8) the reactions of the patients in 17 
per cent, were positive and in 83 per cent, negative. 
Schroeder and Kaufman^* (Table 9), on a basis of 
()27 cases, found the patienta' reactions in 12.7 per cent, 
positive and in 87.3 per cent, negative. Our own results 
(Table 13), with 417 patients, gave 102 or 24 per cent, 
positive and 315 or 76 per cent, negative. Cohn* pro- 
duced positive reactions in 38 per cent, of the cases of 
typhoid. Plehn^'^ obtained positive reactions in 2 of 5 
patients with typhoid, 2 of 5 patients with scarlet fever, 
6 of 12 patients with articular rheumatism, 3 of 6 pa- 
tients with acute bronchitis, and in 3 patients with 
enteritis. In none of these patients was there the 
slightest evidence of tuberculosis. In one case a preg- 
nancy complicated with pleurisy a positive reaction oc- 
curred from a 1 per cent, solution, and in the other eye 
two weeks later a negative reaction occurred from a 2 
per cent, solution. In a case of articujar rheumatism 
the patient gave a jiositive reaction during the activity 
of tlie symptoms. The spnptoms of rheumatism 
promptly subsided on the administration of salicylates, 
but two weeks later returned and, simultaneously, with- 
out installation, a marked conjunctival reaction re- 
curred in the eye previously instilled. EeuscheP** re- 
ports one case of a patient with leukemia (free from 
tuberculous lesions at autopsy), which gave a positive 
reaction. Blum^^ obtained 16 per cent, of positive re- 
actions in non-tuberculous diseases. Fisen^^ observed 
positive reactions in 31 per cent, of various non-tubercu- 
lous infections. Serafini found that the ocular reaction 

29. Deutsch. med Wchnschr., Feb. 20, 1008. 

30. MUnchen. med Wchnschr., Feb. 25, 1908. Reuschel quotes a 
case of leukemia reported by Escherlch*^ In which there was a 
marked reaction to an Injection of 4 mg. tuberculin (O. T.). 
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32. Beltr. z. Klin. d. Tuberk., vlll. No. 4. 



Digitized by LjOOQIC 



287 

ie not conclusive in tuberculosis of the bone. The reac- 
tion was positive in certain gonorrheal, senile and other 
non-tuberculous articular affections. 

CLINICALLY NORMAL INDIVIDUALS. 

Cutaneous Reaction. — Of 181 cases selected from the 
literature (Table 4) 91 or 50.2 per cent, of the patients 
gave positive and 49.8 per, cent, gave negative reactions. 
The patients were of all ages. Burnet*' reports positive 
cutaneous reactions in non-tuberculous people. K3ein- 
berger obtained' positive reactions in 16.6 per cent, 
of normal individuals. Stadelman*' obtained positive 
reactions in 50 per cent, of adults. Warfield** reports 7 
positive reactions in apparently normal individuals (1 
in a 7-months-old baby and 6 in adults) . von Pirquet* 
has found that in individuals from 10 to 14 years of age 
55 per cent, and in adults 90 per cent, reacted posi- 
tively. Freer obtained 35 per cent, of positive reactions 
in patients between the ages of 10 and 15 and Mainini^* 
obtained positive cutaneous reactions six times more fre- 
quently than conjunctival reactions. 

Conjunctival Reaction. — Of 351 cases selected from 
the literature (Table 8) 11 per cent, gave positive re- 
actions and 88 per cent, negative and 1 per cent, doubt- 
ful. Smithies and Walker'" obtained negative reactions 
in 70 apparently normal individuals. Waster and Kil- 
patrick" observed two positive reactions in four normal 
individuals. Mentoux^' produced positive reactions in 
16 children in only 3 of whom was there a slight sus- 
picion of tuberculosis clinically. Stadelmann'' ob- 
tained positive reaction in 16 per cent, of normal in- 
dividuals. Baldwin' obtained 16 positive reactions in 
57 normal individuals or a percentage of 28. 

Our own results of clinically noimal individuals were 

33. MUnchen. med. Wchnschr.. Jan. 14. 1008. 

34. The Journal A. M. A.. Feb. 29, 1008, 1. 687 : IntersUte Med. 
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obtained from, experiments on students of the St. Louis 
University. These students were apparently healtliy 
and many of them were active athletes, such as football 
men. Of a total number of 90 patients (Table 14) sub- 
jected to these reactions 79 were given the cutaneous and 
70 the conjunctival, the entire number not taking both 
reactions. Of 79 cutaneous reactions 41 or 51 per cent, 
were positive, 18 negative and 20 doubtful, or 49 per 
cent, negative or doubtful. In 70 of these the con- 
junctival reaction in 18 or 25.5 per cent, was positive, 
in 46 negative and in 6 doubtful, or 74.5 per cent., was 
negative or doubtful. In 63 of these students who vol- 
untered to take both reactions at the same time, the 
following remarkable results were obtained : In 43 per 
cent, both reactions were negative or doubtful ; in 19 per 
cent, both reactions were positive; in 33.3 per cent, the 
cutaneous was positive and conjunctival was negative; 
in 4 per cent, the cutaneous was negative and the con- 
junctival was positive; 57 per cent, reacted positively to 
either one or both of these reactions; 52 per cent, gave 
positive cutaneous, and 23 per cent, positive conjunctival 
reaction. 

Of the students who gave positive reactions six gave 
histories of either having tuberculosis in the family or 
of exposure to tuberculosis. In over twenty who were 
examined no clinical evidence of tuberculosis could be 
demonstrated. Two of the students who gave positive 
-conjunctival reactions had chronic conjunctivitis. In 
three of the students conjunctival reactions were pro- 
duced which required treatment. In one case a marked 
phlyctenular conjunctivitis, and in another edema of 
the eye-lid with a severe conjunctivitis occurred. 

SUMMAKY. 

We must agree with Smithies and Walker^® tliat the 
failure of definite conclusions with regard to these re- 
actions in the above cases is to a certain extent due to 
poor technic, difference in the tuberculin preparation. 
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absence of more positive control than the clinical find- 
ings, indefinite standard of reactions and the presence of 
unknown conditions which modify or prevent these re- 
actions. Whether or not all of the above difficulties will 
ever be satisfactorily overcome, from the present status 
of the accumulated report on these reactions in adults, 
we deduce the following marked inconstancy with regard 
to their value as diagnostic agents: 

SUMMARY OF ALL CASES CONSIDERED. 

Cutaneous Reactions. 

No. Per c't. Per c't. 

I. PosltlveTuberculosls. Cases. Pos. Neg. 

Seven authors (T&ble 1) 143 70 30 

Engelbach and Sbankland (Table 10) . . 55 56 44 
II. Suspected Tuberculosis. 

Five authors (Table 2) 195 55 45 

Engelbach and Shankland (Table 11).. 190 61 39 

III. Other Diseases. 

Five authors (Table 3) 252 15 85 

Engelbach and Shankland (Table 13) . . 268 56 44 

IV. Clinically Normal. 

Four authors (T&ble 4) 181 50 50 

Klelnberger 17 63 

Freer (10 to 15 years) 35 65 

Stadelmann 50 50 

Engelbach and Shankland (Table 14) . . 79 51 49 

Pirquet (10 to 14 years) 55 45 

Pirquet (Adults) 90 10 

Conjunctival Reactions. 

No. Per c't. Per c't. 

I. PosltlveTuberculosls. Cases. Pos. Neg. 

Thirty authors (Table 5) 1572 86 14 

Schroeder and Kaufman (Table 9) 971 85.5 11.5 

Engelbach and Shankland (Table 10) . . 70 74 26 
II. Suspected Tuberculosis. 

Twenty-two authors (Table 6) 642 48 52 

Schroeder and Kaufman (Tabl0 9)... 284 '51 49 

Engelbach and Shankland (Tables 11-12) 190 40 60 
in. Other Diseases. 

Nineteen authors (Table 7) 932 17 83 

Schroeder and Kaufman (Table 9) 627 13 87 

Engelbach and Shankland (Table 13). 517 24 76 
IV. Clinically Normal. 

Eight authors (Table 8) 351 11 89 

Stadelmann 16 84 

Engelbach and Shankland (Table 14).. 79 25.6 74.5 

Baldwin 70 28 72 

In positive tuberculosis the negative cutaneous re- 
actions have varied from 30 per cent, to 44 per cent,, 
and the negative conjunctival reactions from 11.5 per 
cent, to 26 per cent. It has been conceded from the 
first that patients ndth advanced tuberculosis give 
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negative reactions. Tlie later reports, however, of Wolff, 
Levi, MacLennan, Kilpatriek, Klemperer and others 
prove that patients in the first and second stages of 
tuberculosis, in good condition, also frequently give both 
cutaneous and conjunctival negative reactions. Nega- 
tive reactions in b^inning tuberculoeifl have been re- 
ported in as high as 30 per cent, to 37 per cent, of the 
cases by Wolflf. 

In suspected tuberculosis there is a constant finding 
in the hands of different men of about 50 per cent, nega- 
tive and 50 per cent, positive reactions. The positive re- 
actions in these cases have varied from 40 per cent, to 
48 per cent, with the conjunctival reaction, and 55 per 
cent, to 61 per cent, with the cutaneous reaction. 

In other diseases not considered tuberculous clinically 
the percentage of positive reactions has varied from 15 
per cent, to 56 per cent, with the cutaneous and from 13 
per cent, to 24 per cent with the conjunctival. 

In clinically normal individuals there has been a wide 

range of diilerence with the positive reactions. These 

have ranged from 17 per cent, to 90 per cent, with the 

^cutaneous reaction, and from 11 per cent, to 28 per 

cent, with the conjimctival reaction. 

In comparing the table of cases selected from the 
literature one is struck with the same amount, practi- 
cally, of positive reactions which occur in non-tubercu- 
lous diseases and clinically normal individuals. In com- 
paring the suspected with the positive tuberculous case, 
compiled, the difference is not enough to warrant posi 

tive conclusions. cutaneous. Conjunctival 

P.C. P.C. P.C. P.C. 

Pes. Neg. Pes. Neg. 

Positive; Tuberculosis 56 43 74 26 

Suspected Tuberculosis (not pulmonary) . 55 45 52.5 47. 

Suspected Tuberculosis (pulmonary) 67 33 28 72 

Other Diseases (non-tuberculous clinically) 56.5 43.5 24 76 

Clinically normal individuals 51 49 25.5 74.5 

In our own work, which is shown in the above table, 
the cutaneous reaction in the five conditions (positive 
tuberculosis, 56 per cent.; suspected tuberculosis, not 
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pulmonary, oo per cent; suspected pulmonary tubercu- 
losis, 67 per cent ; other diseases, 56 per cent ; clinically 
normal individuals, 51 per cent) was practically the saane 
percentage. Our cases of positive conjunctival reaction 
in suspected pulmonary tuberculosis (28 per cent) other 
diseases non-tuberculous clinically (24 per cent) and 
clinically normal individuals (25.5 per cent.) also oc- 
curred practically in the same relative number of cases. 

Clinically Normal Individuals Subjected to Both Cutaneous 

AND Conjunctival Reactions. ^^ p^^ cg^t. 

iDdlvlduaU 63 

Positive reactions 36 57 

Positive cutaneous reactions 33 52 

Positive conjunctival reactions 16 23 

I'osltiv^ cutaneous, negative or doubtful conjunctival. 21 33 

Positive conjunctival, negative or doubtXul cutaneous 3 4 

Furthermore, a perusal of the above table will dem- 
onstrate that these reactions are very variable in normal 
individuals, i.e., one reaction will be present in the ab- 
sence of the other one without any definite relation or 
apparent cause for this variation. We have also ob- 
served this variance in known tuberculous cases and in 
other diseases not considered tuberculosis clinically. 

LOCAL LESIONS OF THE EYE. 

It has already been established that a number of dis- 
eases of the eye, tuberculous and non-tuberculous, will 
in themselves give positive reactions and absolutely in- 
terdict the use of the conjunctival reactions. These 
conditions of the eye necessarily restrict the use of this 
reaction in a high percentage of cases. The lesions of 
the eye may be so slight as to be entirely overlooked by 
those not especially skilled in the diagnosis of eye dis- 
eases. It is probable that in two of our normal cases in 
which the patients gave positive eye reactions, that this 
reaction was due entirely to a slight chronic conjuncti- 
vitis which was not observed previous to the instillation. 
The above facts probably account for many of the posi- 
tive reactions which are credited to non-tuberculous dis- 
eases. 
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Notwithstanding the concensus of opinion regarding 
the unreliability and the untoward effects produced by 
this reaction in abnormal eye conditions, a number of 
oculists have used it as a means of diagnosis in eye 
diseases. Maillet,'^ from its use in local diseases of the 
eye, says that he has not observed an unfavorable effect. 
In three positive cases of tuberculosis, each patient 
having a lesion in one eye, a positive reaction was pro- 
duced in the diseased eye as well as the healthy eye by 
instilling the healtliy eye. In all non-tuberculous eye 
diseases there was a negative reaction in both eyes. 
Tuberculous chorioiditis and trachoma were not affected 
unfavorably by this reaction. 

Franke^* reports that this reaction was of much value 
and entirely harmless in twenty-four cases of disease of 
the eye. Stephenson'^*^ believes that the conjunctival 
reaction has positive value in differentiating tubercu- 
lous from non-tuberculous eye affections, as confirmed 
by his experience in thirt}*^ cases. Among the diseases 
in which it is of special value he reports his personal 
observations on the following: Phlyctenular (eczema- 
tous) conjunctivitis and keratitis, chorioiditis, inter- 
stitial keratitis, episcleritis, tubercle of the iris, tubercle 
of cornea and chronic iridocyclitis. Painblan^® ob- 
tained positive results in two cases of tuberculosis of the 
conjunctiva. Brimetiere*^ had no negative results in 
three cases thought possibly to be of tuberculous origin, 
keratoiritis, interstitial keratitis, and exudative chorioid- 
itis. Aubaret and Lafon*^ employed the reaction in 
eighteen eye cases including intraocular tuberculosis, 
phlyctenular conjunctivitis and keratitis, interstitial 
keratitis, lachrymal affections and optic papillitis. 

37. Rev. g^n. d'Ophth.. Nov. 30, 1907. 

38. Deutsch. med. Wchnschr.. 1907, No. 48. 

39. Brit Med. Jour., Oct 19, 1907. Ophthalmoscope, Dec. 1, 
1907. 

40. L'Opht prcfvlnclale, Auguet, 1907. 

41. L'Opht provlnclale, August, September, 1907. 

42. Gaz. hebd. d. sc. m^d. de Bordeaux, Aug. 4, 1907. 
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In contrast with the findings of the above men, 
Schiele/' Kraemer, True, ** Souques,*" Mery,** Schenek- 
Seiffert*^ and others show that local conditions of the 
eye, especially trachoma and granular conjunctivitis, 
give positive reactions without the presence of either a 
local or distant tubercular process. Scheie*^ also main- 
tains, however, that other conditions (chalazia, pterygia, 
chronic hyperemia, epiphera, subacute conjunctivitis) in 
non-tuberculous patients never give a positive reaction. 
He says this is a valuable aid to differentiate syphilitic 
from tuberculous keratitis. He emphasizes the fact that 
one might be misled in a case of healed trachoma vrith- 
out scars, which would in itself give a positive reaction. 
Brunetiere in the course of a second communication 
while reaffirming the diagnostic value of the reaction re- 
gretted that it could not be applied to every doubtful 
case. The following is a report by Dr. Clarence Loeb 
on positive eye reaction in our clinically normal in- 
dividuals. It includes two cases of chronic conjunctiv- 
itis which we hold accountable for the reaction, and one 
case of phlyctenular conjunctivitis produced by this in- 
stillation. 

Case 1.— M. K., March 16, 1908. 

Right Eye: Chronic dilatation of vessels of palpebral con- 
junctiva. Bulbar vessels normal. 

Left Eye: Palpebral conjunctiva shows rough areas resemb- 
ling granulation tissue on the lower fold of transmission. 
Otherwise injected. Bulbar conjunctiva about same as other 
side. Plica and caruncle slightly more injected than other 
side. Fundi normal and similar. Vision, both eyes, separately, 
6:6. 

Case 2.— R. F., March 17, 1908. 

Right Eye: Palpebral conjunctiva slightly hyperemic. Bul- 
bar not. Vision, 6:6. 

43. Wchnschr. t. Therap. u. Uyg. d. Anges, Dec. 5. 1907. 

44. Jour, de m^d. et de chir., Jan. 10. 1908. 

45. Jour. 6e mM. et de cblr., Jan. 10, 1908. 

46. Jour, de m^d. et de cbir., Jan. 10, 1908. 

47. Jour, de mM. et de cblr., Jan. 10. 1908: MUnchen med. 
Wchnschr., 1907. No. 46. 
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Left Eye: Bulbar conjunctiva like other eye. Palpebral con- 
junctiva injected and shows enlargement of some of the fol- 
licles. Vision, 6:6. Both fundi normal. Caruncle and plica 
moderately injected. 

Case 3.— L. W. A., March 15, 1908. 

Right Eye: Bulbar conjunctiva shows a few dilated vessels. 
Palpebral conjunctiva shows a slight chronic conjunctivitis. 
Region of the caruncle normal. 

Left Eye: Bulbar conjunctiva shows a few dilated large ves- 
sels. Numerous smaller vessels appear, which are not visible 
in the other eye. The region of the caruncle is very red and 
the palpebral conjunctiva is much more injected than that of 
the other eye. The bulbar conjunctival injection is much more 
pronounced in the periphery gradually becoming less as the 
cornea is approached. Both fundi are normal. There is no 
apparent difference in the color of the discs or the size of the 
retinal vessels. 

Case 4.--J. F. R., March 15, 1908. 

Right Eye: Slight injection of bulbar conjunctiva. Chronic 
dilatation of palpebral conjunctival vessels. Vision, 6:6. 

Left Eye: Dilatation of smaller vessels of the bulbar con- 
junctiva, especially pronounced on the inner side, where they 
can be followed to the cornea. The deeper scleral vessels are 
also dilated posteriorly. The palpebral conjunctiva is mark- 
edly hyperemia and the caruncle and plica semilunaris are 
verj' red. A slight amount of crust is seen on the margin of 
the lids. Both discs are of normal color, perhaps slightly 
redder than normal. Blond fundus. The veins of the left 
fundus are possibly a trifle more dilated than those of the 
right. Vision, 6:6. 

Case 5.— C. B., March 15, 1908. 

Right Eye: Palpebral conjunctiva shows chronically dilated 
vessels. Disc shows a physiologic excavation. Vision, 6:6. 

Left Eye: Small amount of yellowish secretion in the con- 
junctival sac. The palpebral conjunctiva is very hyperemic. 
In the bulbar conjunctiva all around, but more pronounced in- 
ternally, from behind forward, run small dilated vessels which 
do not reach the cornea. The plica and caruncle are very red. 
Disc shows a physiologic excavation. The veins of the left 
fundus are a trifle fuller than those of the right. 

Case 6.— O. A., Mlarch 17, 1908. 

Right Eye: Practically normal. Vision, 6:8, with difficulty. 

Left Eye: Conjunctiva palpebrae inferior is injected. In a 

semi-circle reaching from the internal margin of the horizontal 
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meridian to the inferior margin of the vertical meridian are 
several small phlyctenules, to which run a group of small but 
dilated vessels. Both fundi normal. 

THE SPECIPITY OP OTHER TOXINS. 

In attempting to determine the specificity of tubercu- 
lin reactions it is necessary to consider the specific re- 
actions of other toxins applied in this manner, especially 
those reactions produced or present in other diseases 
with tuberculin and the reactions produced in tubercu- 
losis by other toxins. Schick*® attempted to apply the 
cutaneous reactions in the diagnosis of diphtheria. In 
22 patients not given diphtheria antitoxin, 18 reacted 
positively, 3 doubtfully and 1 negatively. The reaction 
was constantly negative when antitoxin was given in suf- 
ficient quantities. Positive reactions of less intensity 
occurred when antitoxin was given in insufficient 
amounts. He concluded that this reaction was of value 
in estimating the dose of antitoxin to be given in an 
individual case. 

Ferrand and Lemaire** observed when using diph- 
theria toxin by vaccination according to von Pirquef s 
method, that it produced a positive reaction in tubercu- 
lous cases which differed from the tubercular reaction in 
being composed of an infiltration of polynuclear 
leucocytes. Link experimented with the cutaneous re- 
action with typhoid, paratyphoid and colon toxins on 
14 patients (5 typhoid patients, 4 paratyphoid patients 
and 5 normal individuals). In some cases of typhoid 
he obtained' a positive cutaneous reaction in individual 
patients with all three of the toxins. In two of the 
normal cases he procured positive reactions in the same 
case with two different toxins. Orsvag,"* from his pei*- 
aonal investigations, concluded that the cutaneous 
typhoid reaction was of no value. 

48. Manchen. med. Wchnschr., March 10, 1908. 

49. MUnchen. med. Wcbnschr., March 10, 1908. 

50. Deutsch med. Wchnschr., April 9, 1008. 



Digitized by LjOOQIC 



296 

liecently Chanteinesse** communicated his discovery 
that 1/80 mg. of typhoid toxin in one drop of water 
instilled in the eye of a healthy individual produces 
only a slight conjunctival reaction which disappears in 
4r to 5 hours. In active or convalescent cases of typhoid 
this reaction begins in from 6 to 12 hours, and lasts 
longer than 24 hours. A positive reaction is charac- 
terized by marked injection, lachrymation, and the pres- 
ence of a serofibrinous exudate. He constantly produced 
positive reactions in rabbits which had been inoculated 
two days previous with typhoid bacilli, 

Kraus,*^ from his results from instilling differoit 
toxins, concludes that the conjunctiva of individuals 
suiFering from typhoid react not only to typhoid, but to 
paratyphoid, colon, tuberculin and probably other 
toxins. Kraus,"' Lusenberger** and Euss®* confirm the 
results of Chantemesse regarding the typhoid con- 
junctival reactions in so far as this reaction is present in 
typhoid and not in healthy individuals. They found, 
however, that this toxin was not specific for typhoid 
alone. They produced with it positive reactions in pa- 
tients suffering from other diseases, tuberculosis, pneu- 
monia, multiple sclerosis, etc. They also found that 
paratyphoid toxin caused no reaction in healthy in- 
dividuals, but obtained seven positive reactions in thir- 
teen typhoid patients with a paratyphoid toxin. Colon 
toxin also gave a negative reaction in healthy indi- 
viduals, but gave positive reactions in all of the eleven 
typhoid patients instilled. Tuberculin caused a posi- 
tive reaction in 11 of 12 typhoid patients who gave no 
clinical evidence of tuberculosis. 

Orsvag*^* obtained positive reactions in the majority 
of typhoid cases after the first 24 hours, and says a 
negative reaction speaks against the probability of 

51. Bull. Acad, de M6d.. Paris, July 23, 1007. 

52. Wien. klin. Wchnschr., No. 45, 1907. 

53. Wien. kiln. Wchnschr., Nov. 7, 1907. 

54. Wien. klin. Wchnschr.. Nov. 7, 1907. 

55. Wien. klin. Wchnschr., Nov. 7, 1907. 
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typhoid. Recurrences of typhoid reacted in 50 per cent, 
of the cases. In other diseases 50 per cent, of the reac- 
tions were negative, but positive reactions occurred so 
frequently in non-typhoid individuals, as to make the 
specificity of this reaction questionable. Hamburger**® 
reports constant positive conjunctival reactions in 27 
typhoid patients instilled with typhoid toxins, and nega- 
tive reactions in 15 patients with other diseases, and in 
5 other patients probably not typhoid. 

Our own observations with the use of typhoid toxins 
in known tuberculous cases and other diseases (Table 
15) are as follows : AVe instilled 78 patients with this 
toxin. Of 48 positive tuberculous patients 8 reacted 
positively in the first 36 hours. Only 2 of these reac- 
tions remained positive after the first 36 hours. None 
of these patients gave a history of typhoid. Of the 29 
patients with other diseases not tuberculous, 1 reacted 
markedly and 2 gave mild reactions after 24 hours. 
Xone of these three patients had had typhoid. Among 
these cases, however, were three typhoid patients, of 
whom one gave a negative, and 2 gave slight reactions 
after 36 hours. We used in this series of typhoid toxin 
instillation 1 per cent, and 2 per cent, toxin furnished 
us by the Alexander Laboratory. This laboratory did 
not recommend the toxin on account of having some dif- 
ficulty in providing a reliable one which actually con- 
tained typhoid toxin. The diflBculty has been encoun- 
tered by Orsvag and others who claim it is impossible 
to obtain typhoid toxin for this use on account of the 
toxins of typhoid being endotoxins. 

We are led to conclude from the above that toxin re- 
actions in general have not proved specific for the fol- 
lowing reasons: 1. Tuberculin gives positive reactions 
in cases of typhoid fever; 2, typhoid toxin reactions 
have been demonstrated positive in tuberculosis; 3, the 
different toxins, typhoid, paratyphoid, colon and tuber- 
culin have given positive reactions in the same case. 

5ff. THB JOUBNAL A. M. A., April 25, 1908, 1, 344. 
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ACTIVITY OP THE LESION. 

Believing that both of these reactions are specific 
ones for tuberculosis, Wolff-Eisner, Mainini,*' Stadel- 
mann'* and others maintain that they also indicate the 
activity and the extent of the lesion. They believe that 
a positive cutaneous reaction with a negative conjunc- 
tival reaction on the first instillation with a positive 
conjunctival reaction on the second instillation indicates 
a latent tubercular lesion. A positive conjunctival reac- 
tion at the first instillation is indicative of an active 
tuberculous . lesion. Wolff-Eisner and Teichmann*' 
draw definite conclusions from the onset, intensity and 
the duration of the cutaneous reaction to the activity of 
the lesion and the prognosis of the case. They have de- 
scribed the following three types of the cutaneous reac- 
tion. 

Type 1. — The reaction begins 4 to 6 hours after vac- 
cination, reaches its greatest intensity in 20 to 24 hours, 
as an elevated papule, 10 to 20 mm. in diameter, con- 
tinuing thus throughout the second day, and gradually 
disappearing during the third and fourth day to a slight 
pigmented area for the course of 3 or 4 weeks. There 
are two varieties of this type, the "marked" and the 
"moderate." This type is taken to indicate incipient 
tuberculosis, and first and second stage of tuberculosis, 
of non-progressive type with a favorable prognosis. 

Type 2. — This is a slight reaction characterized by 
rapid course of mild intensity. It begins about the 
sixth hour, rapidly reaches its acme, sometimes in 10 
hours, when it is from 4 to 10 mm. in diameter, and 
rapidly disappears not later than the second day without 
pigmentation. It is said to occur in the third stage of 
tuberculosis, and in the first and second stages of un- 
favorable cases having a bad prognosis. 

Type 3, — This is a late prolonged reaction. It begins 
as the other types, reaches its greatest intensity 8 to 10 

57. Berl. med. Wchnschr., Jan. 13, 1908. 
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mm. in diameter at the end of the second day, and per- 
sists unchanged for at least a week. It is taken to in- 
dicate latent tuberculosis. 

The conjunctival reaction they say occurs only in 
Types 1 and 2, in varyihg degrees of intensity. They 
conclude that the cutaneous reactions show marked dif- 
ferences in intensity in the various forms of tuberculosis, 
depending on the lysis of the bacilli-dfibris, and the 
effect on the body of the toxins set free. 

In contending against the value of the diagnosis of 
the activity of the lesion, as claimed above, we wish to 
join those investigators who disagree with these authors 
for the following reasons : 1. Animal experimentations 
have not confirmed their findings; 2, positive tuber- 
culosis of the first and second stages have given both the 
conjunctival and cutaneous reactions in an inconstant 
manner, a negative cutaneous reaction, or negative cu- 
taneous reaction vnth a positive conjunctival reaction; 
3, the clinical course of cases giving these reactions has 
not borne out their predictions; 4, not enough absolute 
postmortem control has been observed to substantiate 
their theory. 

The animal experiments given in the beginning of 
this article, as was shown, did not even demonstrate 
these reactions as specific ones for tuberculosis. The re- 
actions occurred in animals with such variance to the 
findings on autopsy that the relationship in animals of 
the reactions to the activity of the lesion needs no 
further comment. Baginsky^* reports negative cutaneous 
reactions in a child in good general condition who re- 
acted postively to 1/5 mg. tuberculin (0. T.) sub- 
cutaneously. Wolff,^* Heinemann,** Levi,^^ MacLen- 
nan^' and others have shown that negative reactions oc- 
cur in the first and second stages of active, but not 
cachectic, tuberculosis. Webster and Kilpatrick^" have 
demonstrated that the conjunctival reaction occurred in 

58. Berl. med. Wchnschr., June 3, 1907. 

59. Mtinchen. med. Wchnschr., March 17, 1908. 
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clinically quiescent and non-quiscent tuberculosis. Men- 
toux^* has shown that negative conjunctival reactions 
occur in beginning active tuberculosis, and that positive 
recations were present in non-tuberculous children. 

The clinical course on positive reactions has not borne 
out the prognostic value of the combined reactions aa 
demonstrated by Heinemann,"* who reports one case of 
tuberculous peritonitis which gave a negative reaction 
with a final recovery. He also reports a case of bilateral 
apical lesion which was treated for many months after 
negative reactions, and which gave later a positive reac- 
tion. Engel and Bauer**^ found 6 cases which gave posi- 
tive cutaneous reactions, five of the patients were cer- 
tainly free from tuberculosis, as proved in one case by 
postmortem, and in four cases by negative subcutaneous 
reaction. 

Our own observations have demonstrated a marked 
variability of the occurrence and intensity of these reac- 
tions which we have not been able to explain upon the 
activity or extent of the lesion. The relationship of 
these reactions either in combination or the degree of 
intensity of the single reaction are so inconstant that we 
are inclined to believe with Reuschel'** that the reactions 
demonstrate at most the presence of anti-tuberculous 
bodies and not tuberculosis. These antibodies depend 
more on the resistance of the body for their productions 
than the extent or activity of the infection. The vari- 
ability of these reactions on this basis is consequently 
more easily explained. It is yet to be determined, how- 
ever, whether the sensibility, demonstrated by these 
methods, is due to antibodies or to albuminous sub- 
stanes in the serum. 

PROGNOSTIC VALUE. 

The prognostic as well as the diagnostic value of 
these reactions have been affirmed by the majority of tlie 

60. Berl. kiln. Wchnschr., No. 37, 1907. 
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investigators as more or less certain. Some have even 
claimed that a negative reaction in known tuberculosis in- 
dicates a very unfavorable prognosis, death occurring in 
the majority of these cases within ten days. The same 
contention would apply to these tests as has been given 
above, i. e., the questionable specificity of these reactions 
and the inconstant relationship of the activity and ex- 
tent of the lesions to the intensity of the reaction. The 
presence of negative reactions in non-progressive tuber- 
culosis of the first and second stage, as demonstrated by 
Wolff, Heinemann, Levi, Phlen and Mentoux, and the 
presence of a positive conjunctival reaction with a nega- 
tive cutaneous reaction in clinically normal individuals, 
argue against this claim for these reactions. The clin- 
ical course and postmori^em findings of cases subjected 
to these reactions have not borne out this significance of 
these reactions. Known tuberculous patients have given 
negative reactions and then been observed for a long 
time or cured as reported by Heinemann,*^* Sabrazes, 
Duperes^* and otliers. 

Duration of Life After Reactions in Positive Tuberculosis. 
Days from 
reaction 

to death. Reactions. Positive (26) Negative (26) 

1 to 10 pOB. 7 6, a, h, a, 6, 6, a b, d, b, d, a, b 

neg. 11 b, a, a, a 

10 to 20 pos. 5 b, b, b, a, a b, b, a, a, d, e 

neg. 6 

20 to 30 poB. 6 b, b, b, b, b, c a, d, e 

neg. 3 

40 to 50 pos. 3 b, b, a, a, b 

neg. 2 

After 50 pos. 5 a (120 days) 6 ( 69 days) 

c ( 87 days) d ( 59 days) 

neg. 4 c ( 71 days) e (112 days) 

c (128 days) d ( 83 days) 

Total 52 c ( 68 days) 

(o, cutaneous reaction ; 6, conjunctival reaction ; c, both reac- 
tions positive; d, both reactions nefgatlve; e, cutaneous reaction 
positive, and conjunctival negative.) 

In our own work we had 52 patients who died after 
being subjected to these reactions (see above table). 
Twenty-six of the patients reacted positively and 26 
negatively. Of those who died in the first ten days, 
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after one or the other of these reactions, 7 reacted posi- 
tively and 11 negatively. Of 11 patients who died in 
from 10 to 20 days after inoculation 5 reacted positively 
and 6 negatively. Ten patients died in from 20 to 30 
days after inoculation, of whom 3 reacted negatively 
and 7 positively. Of 5 patients who died in from 40 
to 50 days after inoculation, 3 reacted positively and 
2 negatively. Nine patients lived for from 50 to 128 
days after being inoculated; four of these reacted neg- 
atively and 5 positively. 'Hiree patients who were not 
considered tuberculous clinically, and on whom the 
postmortem findings were negative, gave positive reac- 
tions. One of these gave a positive cutaneous reaction 
6 days before death. One gave a positive cutaneous and 
negative conjunctival reaction 67 days previous to death. 
One gave positive reactions to both tests 73 days before 
death. 

Prom the above we conclude that in known tubercu- 
losis the kind of reaction has no bearing on the progno- 
sis of the case. Positive reactions have occurred- with 
us as early as one day before death; both reactions have 
been present in variable percentage as long as three 
months previous to death. The negative reactions have 
practically equaled the positive reactions in occurrence 
two or three months previous to death. 

UNTOWAKD EFFECTS OP THE CONJUNCTIVAL REACTION. 

The evidence of accumulating cases has unquestion- 
ably proven that the conjunctival instillation of tuber- 
culin is not entirely free from danger. On the oontrar}', 
from the following report one must conclude that there 
is a liability of producing severe inflammatory processes 
in normal eyes, of aggravating non-tuberculous affec- 
tions of the eye, and of producing an extension, and in 
some cases a rapidly destructive process, in tuberculous 
affections of the eye, from its use. McRay®^ reports 

61. Boston Med. and Surg. Jour., March 12. 1908. 
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a severe conjunctivitis lasting over ten weeks in an eye 
that vjras normal previous to the instillation of a 1 per 
cent, solution. Eppen&tein®* reports three cases of con- 
junctival phlyctenular keratitis which were greatly ex- 
aggerated, and says that chronic hyperemia, blepharitis 
or conjunctivitis of any kind contraindicates its use. 

Ferrien** reports a conjunctivitis lasting two months, 
which terminated by having the aspects of tuberculosis 
of the conjunctiva. Babier and Eenon** have observed 
conjunctivitis persist for one or two months. Steven- 
son reported' three cases of follicular conjunctivitis 
which existed from 20 to 40 days. Kalt*** reports seri- 
ous result in iritis, sclerokeratitis and iridochorioiditis. 
Trousseau*® reports a marked extension of a tubercle 
of the conjunctiva imimediately following the instilla- 
tion of a 0.5 per cent, of tuberculin. In another case 
a tuberculous iritis was greatly aggravated;, although 
the reaction was negative. Babier" reports keratitis 
and ulceration of the cornea from a conjunctival reac- 
tion. A large majority of other authors, not oculists, 
have observed more or less unfavorable results varying 
in degree and severity from this test. 

Besides these local untoward reactions WolfiP ob- 
served a very marked febrile reaction in the conjunc- 
tival test. Wolflf-Eisner"^ and many others obtained 
general reactions. Proff noted that the tuberculo- 
opsonic index was modified by these reactions, and that 
in some cases the negative phase was marked and un- 
usually prolonged. 

COMPARISON OP THESE REACTIONS WITH THE SUB- 
OUTAIQ^BOUS. 

MacLennan^^ found that in 25 patients, of whom 14 
were clinically tuberculous, 12 reacted positively to the 

62. Med. Klin., Sept. 8. 1007. 

63. BuU. Soc. d'Ophth. de Paris. Oct. 8. 1907. 

64. Bull, et m6m. Soc. d. hOpitauz de Paris, Dec. 12, 1907. 

65. Bull. Soc. d'Ophth. dd Paris, Oct. 8. 1907. 

66. Jour, de m^d. et de Chlr., Jan. 10. 1908. 
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subcutaneous and 10 to the conjunctival test. Baldwin' 
believes that these reactions correspond closely to the 
subcutaneous, which when given systematically to 
healthy and suspected individuals produce from 50 to 
GO per cent, positive reactions. Wolff, in 27 patients 
with suspected tuberculosis, obtained 59 per cent, of 
positive cutaneous reactions^ and 92 per cent, of positive 
subcutaneous reactions. In 45 patients the conjunc- 
tival reaction waa positive in 29 per cent., and the sub- 
cutaneous reaction in 80 per cent. Moro,** in comparing 
the conjunctival with the inunction or percutaneous re- 
action, found that in suspected tuberculous patients 
16 per cent, gave conjunctival and 17 per cent, the cu- 
taneous reaction. 

EeuscheP^ advocates the "puncture" reaction of 
Escherich as of much more value than either the cuta- 
neous or the subcutaneous reaction. This reaction con- 
sists of a circumscribed red area of infiltration, edema, 
and pain surrounding the site of the subcutaneous punc- 
ture of the hypodennic injection. He found that this 
reaction was constant in cases of tuberculosis, which 
did not give the febrile reaction, and it was of special 
value in febrile cases. On the other hand, the febrile 
response to the subcutaneous injection of tuberculin in 
the absence of the puncture reaction was not regarded 
by him to indicate tuberculosis. 

We wish to take this opportunity of expressing to 
senior house physicians. Dr. E. Bunch and Dr. F. Essel- 
bruegge our appreciation for services rendered us in the 
preparation of this article. 

CONCLUSIONS. 

The diagnostic value of these reactions in adults is 
restricted- to many limitations. 

The specificity of these reactions have as yet not been 
demonstrated, a.«^ proven by: 1. Experimental work on 
animals; 2, the presence of a positive reaction in non- 
tuberculous conditions; (a) local conditions of the eye. 
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trachoma follicular conjunctivitis, etc.; (b) general 
conditions; clinically normial individuals, other diseases 
not tuberculous (typhoid) controlled clinically and by 
autopsy; 3, the presence of a negative reaction in tu- 
bercular cases, (a) miliary tuberculosis, tuberculous 
meningitis, advanced pulmonary tuberculosis, etc., 
(b) incipient and second stage tuberculosis controlled 
clinically and by autopsy ; 4, the production of this re- 
action by other toxins, typhoid, etc., in tuberculous 
cases. 

The activity or extent of the lesion bears no definite 
relation to the degree or kind of reaction, for: 1, One 
or both of these reactions have occurred in clinically 
normal individuals in an inconstant manner; 2, there 
is a marked variation of the occurrence of these reac- 
tions in different stages of clinical tuberculosis ; 3, there 
has been no more definite control than the clinical find- 
ings of the relationship of the stage of the lesion with 
the degree and kind of reaction. 

The conjunctival reaction is not free from danger, 
for: 1, Non-tuberculous lesions of the eye have been 
aggravated by it; 2, tuberculous lesions of the eye have 
been stimulated into activity by this reaction; 3, gen- 
eral or constitutional symptoms have been produced by 
this instillation. 

{See following piigea for tables.) 
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TABLE 9. 

TABLB UF 8CHROED£B AND KAUPMANN. 

Positive Suspected Non- 
Tuberculosis. Tuberculosis. Tubefrculous. 
Author. No. Pos. Neg. No. Poe. Neg. No. Pos. Neg. 

Lenharts 38 33 4 63 23 40 11 4 7 

Cohn 86 60 26 3 23 9 192 10 182 

Citron 31 25 6 14 11 3 45 1 44 

Kohler 169 161 8 5 5 . . 

Eppenstein ... 85 60 25 89 38 51 13 4 69 

Baldwin 53 50 3 26 8 18 57 16 41 

Metraux 15 14 1 11 9 2 42 2 40 

Schenck-Seyffert 28 27 1 20 15 5 52 26 26 

Andeood 13 12 1 3 1 2 15 . . 15 

UlumelClarus.. 289 260 29 

Calmette u. a. 

franx. authors 111 108 3 87 1 86 

Schroeder-Kauf- 

mann 48 43 5 4 5 20 12 8 

(Nor) 18 12 6 

Franke-Ratjen . . 6 6.. 12 9 3 33 4 29 

Total 971 859 112 284 146 138 627 80 547 

Per cent. 88.5 11.5 51.4 48.6 12.7 87.3 

TABLB 10. 
CASES OF ENGELBACH AND SHANKLAND. 

PUSITIYB TUBBBCUIiOSIS. 

Positive Negative 

No. Percent. No. Percent. Total. 

Cutaneous 31 56.4 24 43.6 55 

Conjunctival 52 74.3 18 25.7 70 

Total 83 66.4 42 33.6 125 

TABLB 11. 

SUSPKCTED TUBEBCULOSIS (OTHEB THAN PULUONABY.) 

Positive Negative 

No. Percent. No. Percent. Total. 

Cutaneous 30 55 25 45 55 

Conjunctival 21 52.5 19 47.5 40 

Total 51 54 44 46 95 

TABLB 12. 

CLINICALLr PULMONARY TUBBBCUL08IS. 

Positive Negative 

No. Percent. No. Percent. Total. 

Cutaneous 28 66.66 14 33.3 42 

Conjunctival 15 28 38 72 53 

Total 43 47 52 53 95 

TABLB 13. 

OTHEB DISEASES NON-TUBERCULOUS CLINICALLY. 

Positive Negative 

No. Percent. No. Perceht. Total. 

Cutaneous 149 5^5 119 43.5 268 

Conjunctival 102 24.4 315 75.6 417 

Total 251 3a6 434 63.4 685 

TABLE 14. 

CLINICALLY NORMAL INDIVIDUALS. 

Positives Negative Doubtful 

No. P.C. No. P.C. No. P.C. Total. 

Cutaneous ... 41 51 18 22.8 20 25.3 79 

Conjunctival... 18 25.5 46 65.8 6 8.6 70 

Total 59 38 64 44.3 26 16.9 149 
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TABLE 13. 

OriUEB DI8EASER N0N-TUBEBCrU)U8 CLINICALLY (IN DETAIL) 



DisMtes. Beactlons. 

Aneurisms Cutaneoos 

Conjunctlyal 
Abscesses Cutaneous 

Conjonctlyal 
Arthritis Cutaneous 

Conjunctival 
Asthma Cutaneous 

Conjunctival 
Amputations Cutaneous 

Conjunctival 
Appendicitis Cutaneous 

Conjunctival 
Abortion Cutaneous 

Conjunctival 
Alcoholism Cutaneous 

Conjunctival 
Burns Cutaneous 

Conjunctival 
Bronchitis Cutaneous 

Conjunctival 
Cirrhosis Cutaneous 

Conjunctival 
Carcinoma Cutaneous 

Conjunctival 
Contusions Cutaneous 

Conjunctival 
Colitis Cutaneous 

Conjunctival 
Cellulitis Cutaneous 

Conjunctival 
Choleanxltls Cutaneous 

Conjunctival 
Cerebral Hemorrhage Cutaneous 

Conjunctival 

Cholelithiasis Cutaneous 

Conjunctival 
Diphtheria Cutaneous 

Conjunctival 
Dementia Cutaneous 

Conjunctival 
Dislocations Cutaneous 

Conjunctival 
Epilepsy Cutaneous 

Conjunctival 
Empyema Cutaneous 

Conjunctival 
Erysipelas Cutaneous 

Conjunctival 
Fever, Scarlet Cutaneous 

Conjunctival 
Fever, Typhoid Cutaneous 

Conjunctival 
Fractures Cutan^us 

Conjunctival 
Fistula Cutaneous 

Conjunctival 
Gunshot wounds .... Cutaneous 

Conjunctival 
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Diseases. Reactions. Pos. 

Gastritis Cataneous 1 

ConJunctiTal 2 

Hysteria Cutaneous 

Conjunctival 
Hernia Cutaneous 1 

ConJunctiTal 1 

Hemiplexia Cutaneous 5 

Conjunctival 
Influenza Cutaneous 1 

Conjunctival 3 

Infections Cutaneous 4 

Conjunctival 
Lumbago Cutaneous 

Conjunctival 
Myocarditis Cutaneous 

Conjunctival 
Measles Cutaneous 1 

Conjunctival 

Morphinism Cutaneous 1 

Conjunctival 

Malaria Cutaneous 1 

Conjunctival 

Pneumonia Cutaneous 2 

Conjunctival 8 

Piumbism Cutaneous 3 

Conjunctival 4 

Paralysis Cutaneous 1 

Conjunctival 2 

Pleurisy Cutaneous 

Conjunctival 1 

Poisoning, Carbolic, 

etc Cutaneous 

Conjunctival 

Regurgitation, Mitral Cutaneous 11 

Conjunctival 5 

Rheumatism Cutaneous 12 

Conjunctival 17 

Nephritis Cutaneous 11 

Conjunctival 3 

Necrosis Cutaneous 1 

Conjunctival 

Otitis M«dia Cutaneous . . 

Conjunctival 2 

Salpingitis Cutaneous 1 

Conjunctival 

Sensillty Cutaneous 7 

Conjunctival 

Sprains Cutaneous 

Conjunctival 

Syphilis Cutaneous 25 

Conjunctival 6 

Stricture Cutaneous 

Conjunctival 1 

Tonsillitis Cutaneous 1 

Conjunctival 1 

Tables Dorsal Is Cutaneous 6 

Conjunctival 1 

Ulcers Cutaneous 

Conjunctival 2 

Varicella Cutaneous 1 

Conjunctival 

Miscellaneous Cutaneous 4 

Conjunctival 7 

(In above table all doubtful reactions are 
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counted negative.) 
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TABLE 16.— Typhoid Sebum Reactions in Positive tdbbbculosis. 
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DISCUSSION. 

Dr. Gerald Bertram Webb, Colorado Springs: Dr. Arnold 
Klebs, of Chicago, who was to open the discussion of this 
paper, has been detained by a committee meeting and has 
asked me to state his position in regard to the tuberculin 
reactions. Dr. Klebs agrees with the gentleman who wrote 
the paper in almost every detail. He feels that the specificity 
of the reactions had not been positively demonstrated. For 
diagnosis he prefers the well-tried subcutaneous tuberculin 
test, but he thinks it should be kept in the hands of experts 
and not used indiscriminately, and even then all other methods 
of diagnosis should first be exhausted. Of the integumental 
tuberculin tests Dr. Klebs prefers the cutaneous test of von 
Pirquet, which, he thinks, might also be interpreted as having 
some prognostic value. I myself think that by means of these 
reactions it is perhaps possible to substantiate in the living 
what the German proverb has long suggested regarding the 
dead. I disapprove the tendency to the present widespread 
and general use of these tests, for I consider their interpreta- 
tion difficult and think that they might develop considerable 
phthisiophobia. Of the integumental tests I prefer the Moro 
inunction, with which I have had fair success in 135 cases. I 
think it might be of use to detect early tuberculous foci which 
are aglow, as with me patients cured of tuberculosis have not 
reacted. I feel that few of the human race escape tuberculo- 
sis and that these tests may but strengthen this supposition. 

Dr. H. Bascom Weaver, Asheville, N. C: In the paper I 
read the day before, I stated that we should not use these 
tests until all other means have been exhausted. In the very 
doubtful cases we then should use reliable methods of diag- 
nosis. There are two points brought out in the paper which I 
consider of great importance and of practical application. 
One is the fact that the conjunctival tuberculin test is not 
free of danger. We all know from the experience of thou- 
sands of physicians and clinicians the world over that the 
cutaneous tuberculin test is free of danger. The statistics 
alone would now convince us that there is no danger to be 
encountered in using the hypodermic injections of tuberculin 
for the purpose of making a diagnosis in cases of tuberculosis. 

Dr. Frank Smithies, Ann Arbor, Mich.: My colleague. 
Captain Walker, and I have made more than five hundred 
instillations to date with various preparations of tuberculin. 
The work was begun with the idea of checking the reported 
work of French observers. The results obtained with the 
first preparations worked with agreed in the main with those 
of Calmette and his followers. In no case of moderately early 
pulmonary or bone tuberculosis did Captain Walker and I 
fail to secure positive conjunctival changes. With later prepa- 
rations of ''ophthalmo-tuberculin" the results have not been 
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so uniform, but have approached tlie gross results tabulated 
by German observers. We consider that properly manufac- 
tured preparations for use in the eye are difficult to obtain 
in this country, and we place little confidence in the "ophthal- 
mic discs" which were sent out by commercial houses. In 
cases of moderately advanced pulmonary tuberculosis we have 
secured positive evidence in 75.6 per cent.; in late stage 
cases eye changes were noted in 59.5 per cent., while 15 per 
cent, showed suspicious alterations in the conjunctive. In 205 
cases not clinically diagnosed tuberculous, but 6.8 per cent, 
gave eye changes. Frequently in anemic or arteriosclerotic 
patients, reddening of the conjunctive is not evidence of reac- 
tion. In these cases there are frequently markedly increased 
lachrymation, muc<^urulent exudate, with smarting sensa- 
tions along the lid margins. In such instances in which the 
reaction is dubious it might be of value to examine some of 
the exudate microscopically for the presence of polynuclear 
leucocytes, as suggested by Lafite, Dupont and Molinier. I 
had expected that Dr. Shankland would say more about the 
question of frequent instillations. From the experience of 
Captain Walker and myself it appears to be quite possible to 
produce conjunctival changes in people who are not mani- 
festly tuberculous. This seems especially probable after the 
tenth day, and frequently after the fifth day, when the in- 
stillations are made in the same eye. Captain Walker and I 
have made it a rule not to make the second instillation in the 
eye first instilled. I deplore the fact that there has been 
such indiscriminate use of tuberculin in the conjunctival sacs, 
perhaps largely due to commercial influences. I have person- 
ally observed cases in which children and grown persons have 
been subjected to several instillations of from 4 to 10 per cent, 
strengths of solution in the endeavor of the attendant to 
produce reaction where tuberculous foci were suspected. From 
my experience I am quite sure that in hospitals and dispen- 
saries not suflficient care is taken of the eyes after instilla- 
tion, and particularly so when positive manifestations are 
secured. If the eyes are not protected, severe conjunctivitis 
may readily result. I have seen no case of serious eye disturb- 
ance in which the eyes have been negative before instillation. 
I believe that, properly administered, the conjunctival tuber- 
culin test is of great value as confirmatory evidence, but, as 
is the case with every other form of tuberculin test, can 
never take the place of careful physical examination of pa- 
tients. 

Db. John M. Swan, Philadelphia: I hesitate to report the 
results we have had with the ocular tuberculin reaction at the 
Polyclinic in Philadelphia, because of the small number of 
cases. After using the test in nineteen cases, a severe corneal 
ulceration developed in one of the patients which nearly cost 
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the child her eye. We then abandoned the test. Through the 
kindness of Dr. Eshner we were able to use this method in 
nineteen cases at the Polyclinic Hospital. Out of these, 
thirteen were negative and six were positive. Of the 
positive cases, two patients had suspicious signs at the apex, 
brought out by physical examination, and one had tuberculous 
arthritis of the hip. In the other three cases there were no 
discoverable signs of tuberculosis. We came to the conclu- 
sion that the ocular tuberculin test is not superior to the 
hypodermic administration of tuberculin for diagnostic pur- 
poses, and that in some cases it was dangerous. 

Br. Fbedebick T. Lobd, Boston: In some experiments with 
the conjunctival test on guinea-pigs at the Massachusetts 
General Hospital, the full strength of old tuberculin was used. 
The experience in animals was in favor of the specificity of 
the test. All of eleven animals inoculated with the tubercle 
bacillus and tested at intervals showed the reaction at some 
period of the disease, while in twenty-five control animals, 
without tuberculosis, there was no response. 

Db. Hugo A. Fbeund, Detroit: It is interesting to observe 
how popular certain diagnostic methods become at times. I 
believe that eight months ago every county and state society 
in the country heralded the Calmette. reaction with tuberculin 
as a useful diagnostic sign. To-day many hesitate in accept- 
ing it as a valuable diagnostic means in the general diagnosis 
of tuberculosis. One can do harm if the conditions were 
not watched with care. Dr. Smithies, of Ann Arbor, has 
spoken of the "second'' reaction. This reaction usually comes 
on in a period varying from eight to ten hours and almost 
invariably after the first instillation in any subject. This ia 
due to the sensitization of the eye. The first instillation 
causes an increased susceptibility to further instillations of 
drops of Calmette's tuberculin. The danger comes from 
this; not only does one get more marked reactions, but in 
most of the dangerous cases the instillations have been given 
after one physician had applied the test, the next physician 
not knowing this. I know of two instances in which the test 
gave bad results; in one there was a severe hemorrhage, and 
in the other a corneal ulcer was produced. The second physi- 
cian made his solution and dropped it on the conjunctiva 
without asking the patient whether or not the first physician 
had used Calmette drops. In this way dangers may arise 
from the use of the ocular tuberculin test. This is a point 
which should be borne in mind. 

Db. Geoboe Douglas Head, Minneapolis, Minn.: I desire to 
speak about my personal experience with the subcutaneous 
method, although I have used the ocular tuberculin test in 
thirty or forty cases. In the last ten years I have injected 
Koch's tuberculin in about 135 cases, and in this experience 



Digitized by LjOOQIC 



320 

many interesting observations have l)een made. In the first 
place I have discovered some ill effects. I recall one case of 
Addison's disease in a young woman who died thirty-six hours 
after the injection of tuberculin. This was an early experi- 
ence. I admit that the dose of tuberculin given in that case 
was larger than the dose used at the present time. There- 
fore, this case, I believe, should be excluded from my statis- 
tics. I have also observed that in the late or old cases the 
use of tuberculin does positive harm when used for diagnostic 
purposes. I have noticed that in some of the advanced cases 
no reaction is obtained to the test at all, even though it has 
been proved that tuberculosis is present by an examination 
of the feces, the urine and other excreta, as well as the spu- 
tum. I have also noticed this fact, which had not been men- 
tioned in the literature, so far as I know; namely, that some 
remarkable cures resulted from but one injection of tubercu- 
lin given for diagnostic purposes. I recall two such instances. 
I do not believe that the tuberculin test should be used in 
Addison's disease for diagnostic purposes. Cases resulting 
fatally have been noted in the literature. In the 135 cases 
inoculated 50 per cent, reacted to the tuberculin. This is a 
refutation of the argument that a majority of the people in 
this country have tuberculosis, since in this series only sus- 
pected cases were inoculated. It seems to me that we as 
medical men should recognize the fact that we are not diag- 
nosing tul>erculosi8 in the early stages. When we wait for 
the tubercle bacilli to appear in the sputum, when we wait 
for the physical signs to appear showing the site of the lesion, 
when we wait for the lesion to become so extensive as to be 
detected by the ordinary physical method, then we are waiting, 
in many cases, too long to be of any real service to our pa- 
tient. I urge the use of the old tuberculin, subcutaneously in 
the early cases, for diagnostic purposes. When a patient 
comes to him with a little cough, with a normal or slight rise 
in temperature, with no evidence of the disease in the chest, 
I can not conscientiously say to such a patient, "You have 
tuberculosis," or ''You have not tuberculosis." The way to 
determine whether such a patient has a tuberculous lesion in 
his body is to give tuberculin. If one uses the tuberculin and 
obtains a positive reaction, then the patient should be placed 
under proper suiTOundings for cure, even though no positive 
physical signs of the disease can be detected. 

Db. William Engelbach, St. Louis: These reactions, 
thought until a short time ago to be definite, simple and spe- 
cific ones for tuberculosis, have produced a wonderful amount 
of work, as shown by the literature of recent date. On account 
of the simplicity of tlio test and optimistic favorable results 
reported, many physicians have been led to try them, and con- 
sequently the tests have been subjected to much misuse. The 
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real object of our article was, first, to demonstrate the dan- 
ger of the conjunctival reaction, and, second, to bring out the 
unreliability of both tests. These limitations should prevent 
the indiscriminate use of these reactions. I agree with all 
those who have discussed the paper that there is considerable 
danger in the use of the conjunctival reaction. The reaction 
of von Pirquet is absolutely harmless, but whether it has any 
positive value a^; a diagnostic agent in adults is problematic. 
Our own results show that in the five types of cases we pro- 
cured practically the same percentage of positive cutaneous 
reactions, averaging about 50 per cent, in each. In the posi- 
tive tuberculous cases 40 per cent, gave negative cutaneous 
reactions. In the suspected tuberculous cases our own results 
agree with those of other authors in averaging about 50 per 
cent, of positive reactions, von Pirquet himself reported in 
one communication 90 per cent, of positive cutaneous reac- 
tions in unselected cases of adults. For these reasons I be- 
lieve that this reaction is of no value in adults. These facts 
do not, however, discredit the value of the cutaneous reaction 
in children. I do not agree with Dr. Weaver's statement 
about the subcutaneous reaction being free from danger. The 
reports of cases of sudden death and miliary tuberculosis 
resulting from these subcutaneous injections of tuberculin 
would contradict this. Some of the latter cases (miliary 
tuberculosis) resulted from a latent or quiescent tubercular 
lesion which probably had been stimulated into activity by 
the subcutaneous injection. The idea had occurred to us that 
the cutaneous reaction might be of value in controlling the 
indications for and the dosage of the subcutaneous injections. 
With regard to the technic, we used, and obtained practically 
the same results from, the •various preparations of tuberculin 
made in this country and France. For the instillations in the 
conjunctival test we used preferably a I and 2 per cent, solu- 
tion of old tuberculin in a boric acid normal saline solution. 
In no case have we used more than one ' instillation. This 
reduced our positive reactions to the minimum, for these posi- 
tive reactions would no doubt have been very much higher had 
we instilled the opposite eye with the same or a stronger 
solution of tuberculin. We have done experiments on ani- 
mals. The work of other men, however, has proved the re- 
sults of these experimentvS to be variable. Some have inocu- 
lated tuberculous guinea-pigs with a pure solution of tuber- . 
culin, for instance, with negative reactions. In suspected 
tuberculous cases the positive conjunctival reactions agree 
with the results obtained with the subcutaneous reaction in 
these cases (20 to 25 per cent.), whereas the cutaneous (50 
per cent.) is almost double the amount of the positive sub- 
cutaneous reactions. Besides the unreliability of von Pirquet *s 
cutaneous reaction as a specific sign for tuberculosis, it is 
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misleading, because it occurs in such a high percentage of 
apparently normal individuals and in those affected with other 
non -tuberculous diseases. This reaction, if unsubstantiated, 
woiild not only have a tendency to create a pthisiphobia, but 
also would produce false diagnosis, causing many patients 
with non -tuberculous diseases to be treated for tub^culosis. 
In suspected cases in which a positive cutaneous reaction is 
obtained, then the patient should be given the benefit of the 
doubt of being non -tuberculous until this reiction is confirmed 
by other findings. Much harm may come from the indis- 
criminate use of these reactions. 
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A CASE OF SYPHILITIC INFECTION OF FOUR- 
TEEN YEARS' DURATION WITH PRO- 
TRACTED AND UNUSUAL FEBRILE 
SYMPTOMS. 



HENRY C. BUSWELL, M.D. 

BUFFALO, N. T. 



History, — ^Mrs. X., aged 36, was first seen July 5, 1907. 
Her father died at 40, of typhoid; her mother was still 
in good health, at 68. She has two brothers and one sister, 
in good health, One sister died of tuberculosis at the age of 
26. The patient had had the usual diseases of childhood, but 
no other serious illness. Menstruation began at 14 and had 
been regular and painless. She had been married ten years, 
but never pregnant. In 1893 while visiting in another state 
she was supposed to have contracted malaria. The altitude 
of the locality in which she visited is about 1,200 feet, and 
not surrounded by swamps, and malaria has never existed there 
so far as can be learned. On returning home in 1893 she had 
a great deal of fever, occurring in attacks of one week or 
more duration, the temperature often reaching 103 or 104 F. 
as nearly as could be learned from imperfect records and the 
statement of the patient and her friends, the fever was contin- 
uous and not attended by any marked chills. She became 
emaciated and extremely weak and had a very irritable stom- 
ach. From this extreme condition she gradually improved, 
but was not in good health. She married in 1897. For the 
first few months of her married life her health remained about 
as in the previous four years. She then began to have chills 
and fever, which would reach 103 or 104 F. During the last 
five years she has been attended by many physicians who had 
made numerous diagnoses, the most frequent being that of 
malaria, then followed tuberculosis, ovarian tumor, gallstones 
and nephritis. For the malaria she received immense quan- 
tities of quinin, both by mouth and hypodermatlcally. The 
blood was repeatedly examined and no Plasmodium found, ex- 
cept that it was alleged to have been found in a specimen of 
blood which the patient's husband obtaine"d and forwarded by 
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mail to the physician who examined it. This waa in 1906. In 
180() the patient had **muscular trouble of the eyes,'' as Hhe 
stated, but no authentic record could be found of the true 
condition of the eyes at that time. Syphilis was denied by 
the husband. 

Examination. — Tne patient's weight was 1)6 pounds; pulse, 
100; temperature, 102 F., at 5 p. ui. Examining the heart the 
apex beat was found in the sixth intercostal space, one inch 
external to the mammillary line. Tliere was deep cardiac dulness 
at the lower border of the third rib in the parasternal line; 
the right border of this dulness was slightly to the right of the 
left sternal margin. A slight inconstant systolic murmur was 
heard at the apex. The palpable arteries were sclerosed, but 
the blood pressure was not increased. The lungs were normal. 
Tlie liver showed dulness in the parasternal line on the bor- 
der of the sixth rib. The organ could be palpated about one 
inch below the border of the ribs. Tlie edge was rounded and 
at one point felt imeven. On the left side, beneath the bor- 
der of the rib, a mass of firm consistency, but regular in out- 
line, could be palpated, extending three inches below the border 
of the ribs. I was first in doubt as to whether I was 
palpating spleen or kidney, but later decided the mass to be 
spleen. Examination of the pelvis was negative. There was 
no cutaneous eruption or scars, nor any lymphatic glandular 
enlargement. The pupils reacted normally and the abdominal, 
patellar and tendoachillis reflexes were normal. The Romberg 
sign was absent and cutaneous sensation was normal. Urin- 
alysis w^as negative. Examination of the blood showed: Ery- 
throcytes, 4.920,000; leucocytes, 10,937; hemoglobin, 70 per 
cent.; lymphocytes, small, 9 per cent.; transitional and large, 
8 per cent.; polymorphonuclear neutrophilcs, 82 per cent.; 
easinophiles, 1 per cent. The re<l cells were slightly pale, in 
.shape and size normal. No parai^ites of any kind were found. 
There were present a chronic interstitial hepatitis, a chronic 
interstitial splenitis, arteritis of the larger arteries and en- 
largement of the heart without increased blood pressune, show- 
ing that the enlargement of the heart was not secondary to the 
vascular changes and that the enlargement of the organs men- 
tioned was due to a general infection, and not to chronic 
cardiovascular disease. The diagnosis of syphilis was made. 

Treatment. — I immediately began specific treatment, using 
twenty-five injections. After the first ten days she had no more 
fever and began to improve. At the completion of the twenty- 
tive injections, Doc. 1, 11)07, she weighed 108 pounds. She then 
took potassium iodid in five-grain doses three times daily for 
one month. From Jan. 1, 1908, until March 1, 1908, she was 
Iiractically without medicine and able to attend the theater 
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and receptions, which she had not done in several years. On 
March 1, 1908, I began a second course of mercurial injections 
and completed by May 30 twenty-four injections. 

Subsequent Examination. — On May 30, 1008, the patient's 
weight was 115 pounds. The apex beat was in the fifth inter- 
costal space, slightly outside the mammillary line. Deep car- 
diac dulness began on the fourth rib and on the left sternal 
margin. The edge of the liver could be palpated on deep in- 
spiration only. The mass formerly felt extending below the 
left border of the ribs had disappeared. Only a normal splenic 
dulness was obtainable. I received the following additional 
history: In the summer of 1803, when the patient was sup- 
posed to have malaria she had a breaking out on the legs and 
palms of the hands, which was scaly in character. 

On March 14, 1908, the husband consulted me and I found 
syphilitic trouble of the rectum. 

To my mind, the chief point of interest in the case 
is the persistency and duration of the fever which, in- 
my experience, has not been characteristic of syphilitic 
infection. Had there been the slightest doubt of the 
correctness of the original diagnosis of syphilis it has 
been absolutely dispelled by the results of the treat- 
ment. 

DISCUSSION. 
Db. Joseph L. Milleb, Chicago : A few years ago I reported 
SIX cases of tertiary lues, all with elevated temperatures, and 
since then I have seen two more cases. The type of the fever 
is not always alike. In many patients it resembles malaria — 
an intermittent fever characterized by periodic attacks, with a 
daily rise in temperature, sweats, etc., and then a long period 
of freedom from the fever. In other patients there occurs a 
continuous fever of moderate degree of intensity. Then there 
18 another type of continuous fever of high degree. Some of 
these cases have been diagnosed as cholecystitis because, at 
the same time with the fever, there were associatd attacks of 
pain over the gall-bladder region. Two cases I saw diagnosed 
as pulmonary tuberculosis because of an accompanying bron- 
chitis. In two other patients no diagnosis had been made. In 
these patients, with one exception, there was a moderate leu- 
cocytosis of 10,000 to 12,000. The last patient seen and diag- 
nosed at autopsy had a leucocyte count of 8,000. In some 
patients there was a marked diminution in the number of 
leucocytes, a leucopenia, while in others there was a normal 
count. One patient I saw had a continuous fever for sixty 
days, ranging from 102 to 105, and with absolutely no pain 
anywhere. Specific infection was suspected, but the patient 
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denied it and there were no external evidences of the disease. 
Specific treatment was not given. There was a point of inter- 
est in this case: When the patient had had an elevated tem- 
perature for thirty days he received two injections of atoxyl 
of one grain each; this was given with nothing especial in 
view except the idea that it might modify the infection. Fol- 
lowing these injections occurred profuse sweating, the tem- 
perature dropped to normal and remained normal or subnormal 
for two or three days, then it ran up again, remaining up until 
the fatal termination occurred in a few weeks. I did not nces- 
sarily associate this drop in the temperature with the atoxyl, 
for the patient received only two injections. 

Dr. William J. Butleb, Chicago: There is probobly no 
infection capable of producing a greater variety of clinical pic- 
tures so obscure, etiologically, as syphilis. Hitherto it has been 
the habit to teach that, in any case in which the diagnosis is 
not clear, in which the physician is not able to decide whether 
the patient has syphilis or not, the therapeutic test should be 
used in order to determine this point. The therapy test has 
not proved entirely satisfactory. During the past two years, 
however, a valuable means of diagnosis in syphilis, namely, 
the serum test, has been placed at the command of the pro- 
fession, but its importance has not yet been fully appreciated. 
The reliability of the test had been proved beyond a doubt by 
the statistics collected within the past two years. In from 90 
to 95 per cent, of the cases of syphilis with manifestations a 
positive reaction will result. In my cases of metasyphilitic or 
parasyphilitic diseases, 70 to 75 per cent, gave positive reac- 
tions. The case of visceral syphilis described by Dr. Buswell 
is representative of a class of cases in which the reaction is 
invaluable for diagnosis. 

Db. Charles G. Stockton, Buffalo: I believe the paper to 
be a very important one because it emphasizes a point which 
seems not to have been generally recognized, namely, that in 
late syphilis it is possible to have a continued fever, or inter- 
mittent fever, long continued, which does not go on to recovery 
under ordinary treatment, but which responds promptly under 
antisyphilitic treatment. I have seen cases without the usual 
manifestations of late syphilis, that is, cases in which the 
ordinary signs of a late syphilis were conspicuously absent. In 
one case in particular there was great difficulty in making a 
diagnosis; the diagnosis was made eventually by exclusion 
and by the therapeutic test. Similar experiences have been 
reported by Janeway, Musser and others. In addition to and 
substantiation of what Dr. Buswell has reported, much of 
value can be had from the literature. 

Dr. William S. Thayer, Baltimore: The fever occasionally 
met with in late syphilis may be confoimded with that of 
typhoid; T recall one particular instance. The patient had a 
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continuous fever, irregular, perhaps more so than usual in 
typhoid fever. A diagnosis of typhoid was made. After the 
patient had been at least three weeks in the ward, on a care- 
ful examination a fusiform enlargement of one clavicle was 
detected. Under antiluetic treatment the patient made a rapid 
recovery. Since that time I have seen several cases. One of 
these in particular suggested typhoid fever in its course. It is 
important to bear in mind the possibility of syphilis as a cause 
of an unexplained fever. 

Dr. C. F. Hooveb, Cleveland: I have had several striking 
cases of fever occurring late in syphilis, and two of these I 
wish to report briefly. The first was the case of a patient, 30 
years old, who suffered severe abdominal pain. She was oper- 
ated on for appendicitis, but the surgeon failed to find the 
appendix. The patient had a temperature of 106. The abdo- 
men was promptly closed. The next day the fever continued. 
After that time the fever persisted, ranging from 101 to 106; 
this kept up for six weeks; then mercurial inunctions were 
given, with a cessation of the fever and other symptoms. It 
was later proven that the patient had had a syphilitic infec- 
tion five years previously. The second case was one of a severe 
phlebitis. One physician who saw the patient made a positive 
diagnosis of suppurative phlebitis consequent on appendicitis. 
A second physician who was called in suspected a syphilitic 
infection. This patient had violent rigors, a high range of 
temperature, etc. The symptoms all subsided promptly under 
mercurial inunctions. 
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The peripheral resistance to the circulation of the 
blood is important in general pathology. On the degree 
of this resistance depends the cardiac energy required 
to maintain the circulation, as well as the tension of the 
circulating fluid, with its far-reaching influences on 
nutrition. Two factors dominate and control this re- 
sistance in accordance with well recognized physical 
laws. These factors are (1) the changing caliber of the 
arterioles, (2) the chemico-physical characters of the 
blood. That the first is much the more important there 
can be no doubt ; but that the second, as indicated by its 
viscosity, is entitled to careful study will be evident on 
the slightest examination. Huerthle, for instance, cal- 
culated that the work done by the heart of the dog is 
more than four times as great as it would be if the 
blood vessels were filled with distilled water inst-ead of 
blood. This difference is due to its viscosity, which is 
four and seven-tenths times that of water. In the 
human subject it is slightly greater, the average, accord- 
ing to Hirsch and Beck,^ being 5.1. 

There is not entire agreement among different ob- 
servers as to the average normal viscosity of human 

1. Muenchener med. Wchnschr.. 1900. xlyil, 1685 ; Deotscbes 
Arch. f. kiln, med., Leipzig, Ixlx, 503; Id., Ixxii. 560; Arch. f. 
evper. Path. u. Pliarmakol., I^lpzig, Ilv. 54. Tlie following refer- 
ences may also be consulted : Burton-Opltc. R. : Am. Med.. Phlla.. 
1900, vil. Ill; Jour. Exp. Med., 1906. vlll, 59 and 240; Abstr. Am. 
Med., N. S., 1, 42 ; Arch. f. d. ges. Physiol., cxll, 189. 
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blood. Determann^ found it 4.7 in man and 4.5 in 
women, and Ewart'* even less. Kottmann, on the other 
hand^ makes it 5.11, agreeing vriih Hirsch and Beck. 
My own observations, covering a considerable number of 
cases make it a little less than five. Physiologic vari- 
ations axe constantly occurring, and their limits are not 
yet definitely established. It appears to me that vari- 
ations below 4.5 and above 5.5, if persistent, may well 
be regarded as abnormal. 

Under pathologic conditions the viscosity has been 
found to vary from three to nine times that of distilled 
water. Such variations in the internal friction and 
cohesion of the blood must have a tremendous effect on 
the physics of the circulation ; while the diagnostic and 
therapeutic problems suggested are of the first im- 
portance. 

The volume of any fluid which will pass through a 
capillary tube, under given conditions is entirely de- 
pendent on its viscosity, and if the co-eflBcient of 
viscosity is known, can be calculated with mathematical 
exactness. Such a calculation, however, expressing the 
viscosity in absolute terms is obviously neither necessary 
nor practical for clinical medicine. As scientific physi- 
cians, however, we should understand the general prin- 
ciples on which these calculations are based, and these 
I will therefore briefly outline. 

The factors which influence the rate of flow are the 
diameter and length of the capillary tube, the pressure 
applied to the fluid, and, finally, its viscosity. The 
smaller the diameter of the capillary tube the greater, 
relatively to the moving volume of fluid, becomes the 
surface in contact with the wall of the tube. The fric- 
tion between these surfaces is one of the greatest 
obstacles to be overcome. Molecules of fluid in actual 
contact with the wall of the tube probably remain sta- 

2. Verhandl. d. Congr. f. Innere Med., Wiesb.. xx, 476; Ztscbr. 
f. UlD. Med., llx, 283. 

3. Brit. Med. Jour., Lond., II, supplement, p. 10. 
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tionary, and the flow is entirdy due to the intromolecu- 
lar motion of the fluid, the rate of flow increasing to- 
ward the center of tlie moving column. Hence, the 
larger the lumen of the tube, the greater will be the 
velocity of the center of the moving stream, which means 
not only a greater absolute flow, but a greater flow 
relatively to the size of the tube. In this way the 
changing caliber of the arterioles influences the velocity 
and consequently the volume of blood flowing through 
them. 

It is furthermore obvious that the longer the capillary 
tube of a given dimension the greater will be the fric- 
tion. The length of the tube is, therefore, an impor- 
tant factor. 

The rate of flow will also be directly influenced by its 
pressure. Under normal conditions blood flows through 
the arterioles under a pressure equal to that exerted by 
a column of mercury from 100 to 125 mm. in height. 
Other conditions remaining the same, the rate of flow 
will bear a certain definite ratio to the pressure. 

Finally, the rate of flow of the fluid will be less the 
greater its viscosity. Viscosity is a physical property 
dependent on the freedom of motijon between the mole- 
cules or particles which constitute the fluid. As in the 
case of blood, the fluid may hold in suspension solid 
particles (corpuscles) which will greatly influence the 
viscosity. Heubner calculated that two-thirds to three- 
fourths of the viscositj^ of the blood is due to the 
corpuscles. In some of the current liiterature the 
viscosity of the blood is expressed in absolute terms de- 
rived from calculations based on the data just given. 
Different mathematical formulas, based on Poisseulea 
law, have been used for this purpose. 

As Ostwald's* physico-chemical measurements form 
the basis of most of the work along this line, I will quote 
the one used by him. 

4. Oswald : Physlcochemleal Measarements. 
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The volume of liquid, v, flowing from a long capillary tube is 
xpr t 

V , where x is 3.141G, p the pressure, r the radius, 

8cl' 
I the length of the tube, all expressed in millimeters, and t, the 
time, expressed in seconds; c is a factor depending on the 
nature of the liquid and on the temperature, and is called the 
co-efficient of visoosity. It is consequently found by means of 
xpr t 

tlie equation, c , and is given in the absolute metric 

8vr 
system if the pressure is expressed in ergs x cm. — 3, the radius 
and length in cm., the volume in cc, and the time in seconds. 

Such calculations as these are obviously too technical 
lor clinical use, and are not at all necessary for the 
j)urposes of clinical medicine. What is needed is, first, 
some convenient uniform standard of comparison which 
will express the relative viscosity, and available at all 
1 imes and places ; and, second, a method for determining 
viscosity sufficiently simple in its character to niake it 
T)racticable for routine examinations. 

Such a standard is found in distilled water, ajid 
nearly all the work which has been done up to this time 
expresses the viscosity of the blood as so many times 
that of distilled water, even though giving along with it 
the results of the technical calculations above referred 
to which express it in absolute terms. 

The original investigations by Poiseuille, dealing 
with the viscosity of the blood were made with de- 
fibrinated blood. While having a scientific interest, 
this method involves such a wide departure from 
physiologic conditions as to be devoid of clinical in- 
terest. Huerthle was the first investigator to use the 
uncoagulated blood of the lower animal. To Hirsch 
and Beck, however, belong the credit of making a prac- 
tical application of the data and methods of Huerthle 
and preceding investigators to the requirements of 
clinical medicine. Their apparatus which was subse- 
quently modified by Determann, Bence* and others is 

5. Ztschr. f. kllD. Med., Berl., Iviil. 203. 
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shown in Figure 1. It consists of a glass jar 4x7 inches 
and 10 inches high, which contains the measuring ap> 
paratus (1) attached to the standard by a clamp. The 
purpo^ 6i this jar is to immerse the apparatus in water 
at 38 C. so that the temperature conditions will not 
change during the observation. The measuring ap- 
paratus consists of the bent tube (2), the lower portion 
of which, including the ampulla (3), is filled with blood 
at (4) by removing the closed tube (5). The blood is 
drawn by suction thrpugli the capillary tube to tlie 
upper X, and is forced back by a imiform pressure to 
the lower X, the time required for traveling this dis- 
tance under given conditions of pressure, temperature, 
etc., constituting the basis for comparison in making 
the neceseai-y calculations. 

Instead of using water Hirsch and Beck used freshly 
distilled anilin oil, the viscosity of which is known, but 
this requires a second calculation to reduce it to the 
standard of distilled water. The pressure, which is 
positive and not negative, as in my own method and 
that of Hess, is produced by the bulb (6) acting 
through the flask (7) and is regulated by the mano- 
meter (8). A tube of calcium chlorid is interposed to 
dehydrate the air before it comes in contact with the 
blood. Their observations are made under a uniform 
pressure of 450 mm. of benzol equal to 400 of water. 
It will be noted that this pressure does not even dis- 
tantly approximate the physiologic pressure maintained 
in the circulating mammalian blood vessels. This 
usually exceeds 100 mm. of mercury, which would be 
equivalent to about 1,350 mm. of water. 

The apparatus and method is too cumbersome and 
technical to fulfill the requirements above indicated, 
and after a little experience with it I set about to sim- 
plify the method. Absolute scientific accuracy is not 
required in any clinical investigation of this sort. De- 
termann admits a possible technical variation of two- 
tenths to five-tenths of a second with the same appa- 
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Fig. 2. — The author's viscosity apparatus. 
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ratus, same blood and the same operator. It is largely 
a question of accuracy, of co-ordinating two distinct 
movements at the same instant of time, and it requires 
considerable practice to avoid an error of a considerable 
fraction of a second. Furthermore the physical condition 
of the blood and therefore its viscosity is undergoing 
constant fluctuations depending on the amount of food 
and liquid absorbed, perspiration, urinary secretions and 
probably many other factors, concerning some of which 
we know little or nothing. Approximate results easily 
and quickly attained were therefore the objects in view. 

The principle of forcing the blood through a given 
length of a capillary tube under definite pressure and 
temperature conditions and comparing the time with 
that which it takes to force distilled water through the 
same tube under the same conditions appeared to be the 
only fundamental requisites. The exact size of the cap- 
illary tube is not important, and really varied consider- 
ably in the appliances used by Hirsch and Beck, Ewart, 
Determann and others. PoiseuUe, for instance, used 
tubes varying from .139 to .659 mm. and Hirsch and 
Beck tubes were from .25 to .35 mm. 

As a result of my investigation I am now using the 
very simple appliance* shown in Fig. 2. 

It consists of a capillar}' pipette (3) made from a 
piece of glass tubing with a lumen of 5 mm. One end is 
tapered (4) so that the rubber bulb (2) can be fitted 
over it easily. The other end is drawn out into a fine 
capillary tube, the exact size of which must be deter- 
mined by experience. This is substantially the same as 
the capillary pipette used in opsonic work. A convenient 
length for the capillaiy portion of the tube is about six 
inches, and it should be made so that distilled water 
will pass through it under the negative pressure of the 
bulb in about five or six seconds. A blue pencil, or, much 

6. This is much simpler than the apparatus that I showed at 
the Chicago meeting, as I have been able to eliminate the T- 
shaped glass tube with rubber tubing and clamp, which makes it 
less cumbersome. 
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better, a fine ink mark is made at (5) just before the 
lumen of the capillan' tube begins to enlarge, and each 
experiment teniiinates at the moment when the moving 
column reaches this mark. 

The first thing to do is to "standardize" the tube with 
distilled water which constitutes the unit of comparison. 
The rubber bulb (2) is taken between the thumb and 
index finger of the right hand and compressed until its 
inner surfaces are in contact. It is important that this 
lechnic sliould be accurately followed. If this is done, 
there will not be an}' substantial variation in the nega- 
tive pressure of the same bulb in different experiments. 
If, however, the bulb is compressed flatly between, say. 
tlie palmar surfaces of the thumb and two fingers, the 
pressure will be increased from forty to fifty per cent, 
and the results entirely vitiated. 

The precise negative pressure will vary with different 
bulbs. With the one that I am working with, which 
measures l^U x 2^2 inches and is taken from a 10 c.c. 
volumetric pipette in my clinical laboratory, it is equal, 
approximately, to 50 mm. of mercury. Within reason- 
able limits the exact pressure is unimportant, so that it 
is the same with the blood that it was with the distilled 
water. 

This bulb thus compressed is fitted over the capillai'v 
pipette at (4) and the pressure released. Air flows into 
the capillary tube under a constant negative pressure. 
AVith a stop-watch in the other hand, the end of the 
pil)ette is immersed in distilled water contained in a 
watch crystal and the stop-watch started at the same 
instant The watch is stopped when the column of 
water reaches the mark at (5). This is repeated three 
or four tiiiiies, and if there is any variation the mean of 
the several observations is taken and a label attached to 
the tube sliowing the result and also the temperature of 
the room. 

The temperature of the room is important because the 
viscosity falls about two per cent, with each degree 
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centigrade of rise of temperature, and if the observation 
on the blood is made at a temperature substantially dif- 
ferent from that in which it was standardized with dis- 
tilled water, corresponding corrections must be made. 

The capillary tube can be made so that it takes dis- 
tilled water anywhere from three to six or seven seconds 
to reach the mark ; about five or six seconds is the most 
convenient and practical time, and a little practice will 
enable one to make the pipette of the proper size. If it 
takes too long, break off a little of the pipette, if not 
long enough a new one must be made. 

The clinical observation is made as follows: One 
arm of the V-shaped tube, made of glass tubing with a 
lumen of 1 1/2 mm. is partially filled with blood by 
holding it against the under surface of a drop exuding 
from the side of the tip of the finger, as I prefer, or the 
lobe of the ear. Five or six drops of blood are required. 
This tube is then held by an assistant or in a suitable 
clamp by the arm through which the blood has been col- 
lected, leaving the clean arm of the tube for observation. 
The bulb and capillary tube are arranged precisely as 
above described for the experiment with distilled water 
and the end of the capillary tube passed down the clean 
arm of the V-shaped tube until it is close to the surface 
of the specimen of blood. Then with the stop-watch in 
the other hand it is quickly plunged into the blood and 
the stop-watch started at the same instant, the watch 
being stopped, as before, when the moving column 
reaches the mark at (5). It is then simply a matter of 
dividing the time required by the blood to pass througli 
the capillary tube, by the time required by the distilled 
water, which in the pipette illustrated was five seconds. 
If with this pipette it would take twenty-five seconds for 
the blood to reach the mark the viscosity of the blood 
would be just five. 

This observation can be made in less than three min- 
utes, and is, in my opinion, sufficiently accurate to serve 
the purposes of clinical medicine. 
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Sometimes the blood coagulates so rapidly that only a 
single observation can be made. This can be obviated by 
placing a crystal of hirudin in the V-shaped tube, as 
recommended by Bence and Determann. The blood will 
then remain fluid for twenty or thirty minutes. The 
greatest objection that I have found to the use of 
hirudin is that it is very hygroscopic and must be kept 
hermetically scaled or in a chamber with a desiccator. 
Its use, however, is quite unobjectionable, as it does not 
change the viscosity in the least or even modify rouleaux 
formation, so that it is available for other purposes in 
which slow coagulation is desirable as well as the deter- 
mination of viscosity. 

The capillary tube is cleaned in the usual way, first by 
washing with distilled water then with alcohol and 
finally with ether, and drying with a current of air. 
Should the tube be spoiled, as often happens, it only 
costs a fraction of a cent and a few minutes' time to 
make another. 

The apparatus of Hess (Fig. 3) represents another 
attempt at simplification. I have neither seen nor used 
it, but believe that my own is simpler and more prac- 
tical. With Hess's apparatus distilled water must be 
used at the same time with the blood (which complicates 
the procedure) and the two are drawn through their re- 
spective capillary tubes presumably by a negative pres- 
sure, the source of which is not shown in the illustra- 
tion. 

CLINICAL APPLICATIOX. 

As already indicated, the viscosity of the blood under 
normal conditions undergoes considerable fluctuations 
owing to a variety of causes, among which may be men- 
tioned the ingestion of a large quantity of water or food. 
Heavy muscular work has also been found to increase 
viscosity. Possibly by the increased transudation of fluid 
through the skin the same effect results as follows a 
sweating by electric light and other hot baths. 
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'lliese variations will be readily understood when the 
factors which influence viscosity are taken into account. 
Among these the percentage of blood corpuscles is per- 
liaps the most important, which Heubner, as already 
stated, calculates is accountable for the greater part of 
its viscosity. It has been clearly shown, however, that 
there are constituents in the plasma which influence it 
A'cry much. It is probably in some way connected with 
the fibrin, as it has been found that the viscosity and 
coagulability increase and diminish together witliin cer- 
tain limits. 

The inhalation of cb.loroform and ether has no effect 
on viscosity. Alcohol, on the contrary, immediately and 
greatly increases it. This has been found to be the case 
whether alcohol was introduced into the circulation in- 
travenously or by injection either into the stomach or 
duodenum. This experimental fact is of considerable 
importance in the pathology of chronic alcoholism and 
may help to explain some of its phenomena. The im- 
mediate effect of hemorrhage is to greatly lower the 
viscosity of the blood. This effect is quite lasting, con- 
trary to that of the intravenous infusion of normal 
saline solution which also lowers viscosity, the effect 
being very evanescent, however. 

The diminished viscosity of the blood following vene- 
section very probably has much to do with the well 
known therapeutic results in the way of relieving an em- 
barrassed heart, etc., under certain pathologic condi- 
tions. There is no doubt whatever that it greatly lowers 
the resistance in the peripheral circulation, as well as 
the volimie of the circulating fluid. 

Asphyxia influences viscosity more promptly and 
more profoundly, perhaps, than any otlier known factor. 
This is true whether the asphyxia is local or general. 
In one experiment, for instance, Determann found that 
by placing a ligature around one arm for tw^enty min- 
utes, with the production of marked local stasis, the vis- 
cosity of the blood drawn from a finger on that side was 
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nearly twiie as great as in blood from the other arm. It 
had increased from 4,63 to 8.83. 

These are among the most important observations 
made along this line. Their influence in pathology is 
far reaching. They clearly show why the heart becomes 
embarrassed, and raises a doubt as to the exact import- 
ance of vaso-constriction under such conditions, al- 
though it is, of course, quite possible that this may 
occur also. The direct effect of CO2 in increasing tlie 
viscosity has not only been experimentally demonstrated, 
but Bence has actually lowered it again by the inhalation 
of oxygen, an observation which is also of great im- 
portance. 

The clinical application of these facts is probably not 
limited to the acute conditions of cardiac embarrassment 
in which life is endangered, and in which venesection 
and the inhalation of oxygen are clearly shown to be 
indicated, but probably extends to the subacute or 
chronic conditions of respiratory incapacity. 

An interesting observation of Determann, confirmed 
by others, is that in vegetarians the viscosity was mate- 
rially lower than in meat eaters. The average for veg- 
etarians was 4.32 and for meat eaters 4.85. As might 
be expected, the viscosity of the blood is low in the 
anemias. In a fatal case of splenic anemia under my 
observation the viscosity was less than 3. The red cor- 
puscles had dropped to about 200,000 before the patient 
died. 

One of the important questions concerning viscosity is 
its relation to Bright's disease and especially to the 
cardiac hypertrophy found in these cases. The question 
i'S exceedingly complex and not nearly so easily solved 
as might at first sight appear. There seems to be little 
doubt that when the average case of Bright's disease 
presents itself for clinical observation to those who w^ere 
studying the viscosity of the blood that the latter was 
nearly always normal or low, and this without verv* 
mucli reference to the blood pressure at the time. In 
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my own experience the viscosity has usually been be- 
tween three and four, but every case waa more or less 
anemic. The observations of Bence were to the same 
effect 

Hirsch and Beck studied twenty-four cases which were 
divided into three groups as follows: The first group 
included acute and subacute parenchymatous cases in 
which the following viscosities occurred: 5.29, 2.75, 
4.28, 3.81, 2.92. The second group, chronic parenchy- 
matous nephritis, with secondary contractions, containeil 
the following: 4.8T, 4.24, 4.26, 4.79, 4.74, 3.05, 3.42, 
2.52. The third group, chronic interstitial nephritis, 
with primary contractions, showed: 5.91, 4.70, 4.89, 
9.21, 4.52. It is interesting to note that the lowest vis- 
cosity in the entire series, namely, the last case in tlie 
second group, with a viscosity of 2.42, had a blood pres- 
sure of 242 mm. In three of the twenty-four cases the 
viscosity waa above the average normal standard adopted 
by Hirsch and Beck. It is distinctly stated that in 
neither of these three cases was there any marked 
hydremia. 

Herein lies the explanation of the comparatively low- 
viscosity found so constantly in Bright's disease, for we 
usually have, as was found in twenty-one out of twenty- 
four of these cases, a more or less marked anemia. This 
anemia means, of course, a reduction in the number of 
erythrocytes on which, as pointed out by Heubner,^ the 
viscosity very largely depends. 

Just what would be found in the pre-anemic stage of 
Bright^s disease, if these cases could be observed at this 
time, is a question which is not yet settled, and in its 
very nature is almost impossible of solution. Few dis- 
eases are so insidious in their development, so com- 
pletely masked in their early stages as this, and, as a 
rule, when first seen the blood has undergone serious 
changes and has become more or less hydremic. Ewart 

7. Arch. f. exper. Path. u. Pharmakol., I^lpz.. llv, 149; Id.. 
Uli, 280. 
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contends that the viecosity is high at this time and is 
one of the factors in the production of the cardiac hyper- 
trophy. Hirsch and Beck, supported by Bence, con- 
trovert this view, and claim for reasons that do not ap- 
pear to me entirely conclusive, that increased viscosity 
is not a factor in producing the cardiac hypertrophy. 
The difficulty lies in observing the cases early enough to 
determine the conditions during the early stages of the 
hypertrophy, which is usually well marked when the 
case is recognized. 

As shown by Determann, Hirsch and Beck and Bence, 
those who eat considerable quantities of meat have a 
higher viscosity, and in at least one of the series of 
cases above quoted in which there was no anemia, the 
viscosity was extremely high. When the effect of a free 
meat diet is taken in connection with alcohol, together 
with the toxic conditions which we now believe to be 
antecedent to the fully developed picture of Bright's 
disease, high viscosity appears to be probable in the pre- 
liminary stages. Just in so far as it does exist must it 
be reckoned with as a factor, although very possibly a 
subordinate one, in increasing the work of the heart, the 
physiologic resiilt of which is hypertrophy. 

In the cases with arterial disease the high resistance 
in the peripheral circulation is much more important 
in increasing the work of the heart and with a very low 
viscosity may give us a high blood pressure, as in the 
case above quoted. It seems to me, therefore, that while 
the effect of the toxins on the heart muscle may reason- 
ably be regarded as an excitant of over-action on the 
part of the heart and consequently of hypertrophy, as 
originally set forth by Bright, that it is strictly in ac- 
cordance with clinical and scientific data to regard an 
increased peripheral resistance both from a diminished 
caliber of the blood vessels and an increased viscosity as 
important factors in the production of the cardiac hy- 
pertrophy of Bright's disease. Just how large a role in- 
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creased viBcosity plays and in what group of cases it is 
most conspicuous it is impossible at present to say. 

Not very much can yet be said concerning the thera- 
peutics of high viscosity. The iodids undoubtedly mod- 
ify it in some way, and are therefore indicated in suit- 
able cases in small doses. In cases of polycythemia the 
treatment is that of the blood condition. In several 
cases under my observation with viscosity suflSciently 
high to form important factors in circulatory disturb- 
ances this condition was present in a very marked de- 
gree. In one case with a red cell count of 7,250,000, 
the viscosity was very nearly seven. There was asso- 
ciated with the polyc)rthmia, hyperchlorhydria and neu- 
rasthenic symptoms. During a month^s treatment in the 
hospital, along with the general improvement, the red 
cell count gradually dropped to about 5,000,000 and the 
viscosity to 5.5. 

The obscure modifications of the plasma which un- 
doubtedly influence viscosity can only be treated in a 
general way by improved nutrition, elimination, etc., as 
their precise character is entirely unknown. The with- 
drawal of alcohol and a reduction or withdrawal of meat 
in the diet is clearly indicated in these cases. The im- 
portance of a free supply of oxygen is also clearly indi- 
cated by the experimental work with asphyxia and tlie 
inhalation of oxygen. Outdoor life, moderate exercise, 
the best of hygiene and everything that tends to uplift 
the physical condition of the patient should and usually 
will tend to lower excessively high viscosity and thus 
free the peripheral circulation. 

A low viscosity usually means simple hydremia the 
therapeutic indications of which are plain enough, 
though not always eflfective.® 

CONCLUSIONS. 

1. The viscosity of the blood is an important physical 
property dependent on both the corpuscles and the 

8. Lommel. F. : Deutsches Arcb. f. kiln. Med.. Leipz., 1904, 
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plasma which furnishes a considerable part of the peri- 
pheral resistance to the circulation of the blood. 

2. It undergoes considerable fluctuations as a result 
of physiologic changes connected with food, drink, ex- 
ercise, etc. 

3. Under pathologic conditions, the changes are much 
greater and the viscosity may be so much increased, as, 
for instance, when tlie blood is charged with COj that 
the heart will be embarrassed in overcoming it. 

4. The viscosity of the blood is actually low in the 
large majority of cases of chronic Bright's disease owing 
to existing hydremia, but there is probably an earlier 
stage with high viscosity. 

5. It seems probable that an increased peripheral re- 
sistance in the circulation of the blood due, in part, to 
increased viscosity, is at least one of the factors in the 
production of the cardiac hypertrophy of Bright's dis- 
ease. 

G. Venesection greatly lowers the viscosity of the 
blood by withdrawing its solids and attracting the fluids 
from the surrounding tissues. 

7. Alcohol introduced into the circulation greatly in- 
creases viscosity, and in this way interferes with the 
peripheral circulation and burdens the heart. 

8. The approximate determination of the viscosity of 
the blood as a routine clinical procedure is desirable in 
nutritional and toxic disorders, and should be made by 
a method rapid and simple enough to be practicable for 
routine use. 

9. Individual diseases do not change viscosity in any 
characteristic way except as they incidentally modify 
the blood. 

10. The determination of viscosity should be made 
promptly before the corpuscles have time to settle, for 
obvious reasons. The use of hirudin, if it leads to con- 
siderable delay, is therefore objectionable unless the 
homogeneous mixture of plasma and corpuscles is again 
roproduced. 
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11. The viscosity of the blood is not altogether de- 
pendent on its specific gravi.ty, for in fevers the former 
may he high and the latter very low. 

DISCUSSION. 

Dr. Henbt B. Hemenwat, Evanston, HI.: I believe the 
subject of Dr. McCaskey's paper to be one of the most impor- 
tant ever brought before the attention of the general practi- 
tioner. Dr. McOaskey, however, has kept the heart especially 
in view, whereas I have been looking especially at the general 
circulation. For example, pure water would flow for a long 
time and uninterrupted through a pipe of a certain size. If 
the water is impure, however — as, for example, sewage from 
the kitchen sink — ^the greater viscosity would clog the pipe. 
So, with increased viscosity of the blood there would be an 
obstruction to the circulation through the capillaries, and 
this tends to produce a closure in the capillaries. An interest* 
ing point is that, before the absolute closure, the arterial 
pressure is much greater than the venous pressure and there 
is the tendency for the serum to get into the tissues. This 
exuded fluid then gains an entrance back into the circulation 
by abs(»rption through the small veins and lymphatics. This 
results in a gradual straining out of the organized elements 
of the blood and, in such cases, one would find an increasing 
anemia. This increased viscosity of the blood, as well as 
sometimes an increased coagulability of the blood, is found in 
certain forms of Bright's disease and other conditions. Co* 
agulability of the blood does not always accompany an in* 
creased viscosity of the blood. Yet there are times when the 
coagulability is accompanied by increased viscosity of the 
blood. If the coagulability and the viscosity of the blood are 
increased at the same time, there is an inclination toward the 
production of a thrombosis, a thrombosis occurring in any 
portion of the body. So in this there is one of the most 
common conditions concerned in the production of thrombotic 
apoplexy. In the production of an attack of this form of 
apoplexy there is an increased viscosity, a slowing of blood 
current, with an increased coagulability of the blood which 
tends to produce thrombosis. 

Dr. Nathan Rosewateb, Cleveland: The viscosity of the 
blood has interested me for a long time. Viscosity of the 
blood is reduced by the iodids; this does not require very large 
doses, only from five to ten grains. The method Dr. McCaskey 
used I believe to be a good one; but would it not be practical 
to drop the blood directly from the pipette through alcohol or 
ether, noting the time, dropping it through long column of the 
fluid? 

Db. J. F. HuLTGEN, Chicago: With regard to the relation 
between alcohol and the viscosity of the blood, Dr. McCaskey 
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has omitted to give the dose administered, the kind of alco- 
holic beverage used, and as to whether there were any other 
morbid conditions coexisting at the time of alcohoi inges- 
tion. Moreover, he has not suggested how it does produce 
this increase in viscosity. 

Db. Louis Faugeres Bishop, New York: The difficulty 
with which the blood circulates has a distinct relation to the 
increased red-cell count. In my experience there is a large 
number of cases of circulatory troubles in which high tension 
exists, cases occurring in ovemourished people suffering from 
high arterial tension; the red -blood coimt has been consider- 
ably above 5,000,000. I have learned to expect in a certain 
type of cases that the red-cell count would be above the nor- 
mal. Again I could expect the condition to improve with a 
reduction in the red-cell count by suitable hygiene. This shows 
to me that the red-cell count has an important bearing in cer- 
tain conditions. 

Db. G. W. MoCasket, Fort Wayne, Ind.: In regard to the 
point mentioned by Dr. Bishop, an estimation of the red-cell 
count is certainly important. I am glad to hear Dr. Bishop 
say that in some cases of polycythemia the red-cell count 
dr(^ped with improved hygienic conditions, for this is in 
accord with my experience. I do not know how alcohol acts 
on the viscosity of the blood. Twenty minutes after its intro- 
duction into the duodenum of animals there occurs an in- 
creased viscosity. Just what the change is I do not know. 
The experimental dose is from 5 to 20 c.c. I believe that 
the iodid of potassium lowers the viscosity of the blood. In 
studies on the viscosity of the blood I believe that we have 
found a partial explanation of how the iodids act in chronic 
cardiovascular diseaAes. As the viscosity is lowered, peripheral 
resistance is diminished. 
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PAROXYSMAL HEMOGLOBINURIA.* 

ACCOUNT OF TWO CASES. 



C. F. HOOVER, M.D. and C. W. STONE, M.D. 

CLEVELAND, OHIO. 



The first of the two patients, A, who furnish the basis of this report 
is a man 29 years old, who was bom in Hungary, and served as a soldier 
in that countr}-. During his military service he suffered much from chil- 
blains during the winter, but he never had an attack of hemoglobinuria 
until December, 1902, eight months after coming to America. 

During the summer of 1902 he lived in Saginaw, Mich., where he 
suffered much from mosquito bites. 

There is absolutely no history of any infection or illness until Decem- 
ber, 1902, when the patient first observed the attacks of hemoglobinuria, 
which were invariably associated with exposure to cold. We had no 
opportunity to observe any chilblains in this patient, but he says that 
when his feet or hands are thoroughly chilled they become very white, 
then blue and finally red, swollen and feverish. The swelling lasts several 
hours. According to the patient's account of himself, such an attack is 
always followed by a *T)lack-water" attack. 

Besides the chilblains there is nothing unusual in the history of 
paroxysmal hemoglobinuria of this patient. We found that attacks could 
be produced by exposure to cold. If the patient placed both hands in 
ice cold water for five minutes no hemoglobinuria followed. Sitting 
before an open window for fifteen minutes, clad in hospital garb, when 
the out-door temperature was about 10 degrees C, was followed by a 
characteristic chill, fever and hemoglobinuria. If one foot was placed in 
a pail of water, 8 degrees C, for thirty minutes an attack would follow. 
During the interim the patient's blood showed a coagulation time of 
three and one-half minutes. Directly after an attack, while the tempera- 
ture was still elevated, the coagulation time was the same. 



'This and the following article are reprinted in the Transactions from the 
Archives of Internal Medicine, in which they were first published. 
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On March 3, 1908, the patient's blood-count was the following : 

W. B. C, 7,800. R. B. C, 4,520,000. 

Hb. (Sahli), 92. Tallquist, 85. 

A differential count of 200 white cells gave the following results : 

Polymorphonuclear cells, 158 = 79 per cent. 

Small lymphocytes, 31 = 15.5 per cent. 

Ijarge lymphocytes, 8 = 4 per cent. 

Eosinophiles, 3 = 1.5 per cent. 

Repeated search for blood parasites proved negative, as did also all 
attempts to cultivate any organisms from the blood by the usual methods 
employed for such purposes. These examinations were made during the 
attacks and during the interims. On March 13 an attack was produced 
by placing the patient's foot in a pail of water at 8 degrees C. The 
following observations were made before, during and after the induced 
attack of hemoglobinuria. 

The patient's foot was placed in the water at 10 :50 a. m. Although 
there were some subjective premonitory signs of a chill at 11:50 it was 
not until 11 :55 that the rigor was pronounced. 

The temperature by mouth was : 
At 10:20 a. m., 98.3 degrees. 
At 11:20 a. m., 97.6 degrees. Subjective symptoms of 

muscular soreness. 
At 11 :50 a. m., 97.4 degrees. Chill apparent. 
At 12:24 p. m., 100.2 degrees. Patient felt warm; urine 

passed rich in hemoglobin. 
At 12:45 p. m., 102 degrees. 
At 1:20 p. m., 100.2 degrees. 
The arterial blood pressure was 146 mm. Hg., systolic pressure, 
before, during and after the attack. 

The diastolic arterial pressure during the corresponding periods was 
95. The chill and fever did not, therefore, modify the systolic or the 
diastolic blood pressure. 

During the febrile period at 12 :50 p. m. blood drawn into a syringe 
containing a small amount (2 per cent, of a 1 per cent, solution) of 
potassium oxalate and immediately centrifuged showed a distinctly pink 
serum which gave only the absorption bands of oxyhemoglobin to 
spectroscopic examination. Blood dra\^Ti and treated in the same man- 
ner before the patient's foot was placed in the cold bath revealed a normal 
serum. A few days later a cantharides plaster was applied to the arm. 
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Three hours later when the serum was expected to accumulate in the 
underlying blister an attack of hemoglobinuria was induced. This serum 
was pink and showed the oxyhemoglobin bands under the spectroscope. A 
cantharides blister during aji interim showed straw-colored serum. 

The leucocyte count before an induced attack was 6,000 ; at the end 
of the chilly period the leucoc3i:e count was 17,000 and was due to an 
increase of the polymorphonuclear cells. The leucocyte count made on 
March 7 was as follows : 

At 9:00 a. m., before the chill, = 6,000 

At 11:30 a. m., after the chill, = 17,000 

At 1:00 p. m., = 15,000 

At 4:00 p. m., = 11,000 

During this attack the red cells were reduced 700,000 per c. mm. 
An ophthalmoscopic examination during one of the attacks revealed 
nothing abnormal in the eye-ground. 

During the attacks the urine was colored a dark chocolate hue and 
showed nothing more than the presence of albumin, hemoglobin and 
casts of blood pigment. 

From the above observations it was apparent that exposure to cold 
caused hemoglo})inemia which was well pronounced before the febrile 
period. It is also clear that the rigor is associated with a slight lowering 
of the body temperature, and that the rise in temperature marks the 
cessation of the chill, which is unlike the relations between rigor, tem- 
perature and sense of warmth in the course of infectious diseases with 
which we are familiar. 

The rise in temperature is associated with a pronounced polymorpho- 
nuclear leucocytosis. 

The second patient B, an American, 25 years old, was admitted to 
Tiakeside Hospital April 18, 1908. This patient was much more sensi- 
tive to cold than patient A. Without any history of illness or infection 
of any kind which could have any bearing on his present illness, B com- 
menced having paroxysmal attacks of hemoglobinuria identical in char- 
acter with those of A, eighteen months before admission to the hospital. 
As in A, the physical examination revealed absolutely nothing of an 
abnormal character. During warm weather he is perfectly comfortable, 
but if the thermometer is as low as 10 C, he is liable to an attack. He 
is particularly sensitive to a cold, moist wind, and has had as many as 
three attacks in one day. This patient gave no history of chilblains as 
did A, but at the conclusion of an attack there would be on the trunk 
and arms several small macules about one-sixteenth of an inch in 
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diameter, in the middle of which a small blister would rise, from which 
the serum would escape during the febrile period and leave a very minute 
particle of desquamating epithelium apparent in the middle of the red 
areola. By the following morning all traces of the skin manifestations 
were gone. 

The observations made on patient A were repeated on patient B. 
B suffered from a malady identical in character with that of A; the only 
essential difference being one of degree. 

STUDY OF THE SERUM IN THESE CASES. 

We then undertook a study of the serum of these patients from the 
stand}X)int of the side-chain theory, with the following results : 

Although we were unable to find any organism in the patient's blood, 
either during the attacks or in the interims, it was clearly apparent that 
cold was essential for the hemolytic activation of the patient^s blood. 

Our first experiments consisted in attempting to activate the serum 
of these patients by exposing it to a low temperature, then warming the 
serum to 37 degrees C... and adding washed red-blood cells obtained 
from other patients with normal blood. After repeated trials with serum 
of these hemoglobinuric patients obtained by venous puncture and from. 
blister serum (all of which were unsuccessful as long as tlie red cells 
were added to the serum when .warm), we then chilled the serum after 
red cells had been added. When this precaution was taken, and the 
mixture warmed, hemolysis was complete within a very brief period. 

All the experiments gave the same results with sera A and B. 

Ilemoglobinemic serum chilled in a salt and ice mixture at 5 degrees 
C, for thirty minutes, then put in an oven at 37 degrees C. for one hour, 
and after the scrum again attained body temperature the red cells from 
a normal blood which had been repeatedly washed in physiologic salt 
solution were added to the serum and again put in the oven. The result 
was negative. The experiment and results are expressed in the follow- 
ing formula: 

H. S. + 5° C. for 30 minutes + 37** for 1 hour + K. 
B. C. = 0. 

In the next experiment the red cells were added before the mixture 
was exposed to a low temperature, and as soon as the mixture was again 
warmed complete hemolysis occurred. This was apparent by the disap- 
pearance of all cloudiness and the mixture becoming a clear ruby-red 
solution with a marked diminution of the viscosity of the serum. 
H. S. + R. B. C. + 5** for 30 minutes + 37** C. for 
10 minutes = -f-. 
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The serum from patient B, with added red cells, was placed in the 
ice water for fifteen seconds, then put in a water bath heated to 56 de- 
grees C. for ten seconds, at the end of which time hemolysis was complete. 

The senim from patient A required a longer exposure to cold to 
produce hemolysis, which is quite consistent with the comparative clinical 
histories of the two men. B was much more sensitive to cold than A. 

Accidentally we discovered that if the suspension of red cells in the 
serum of B was placed near a 32-candle-power incandescent electric lamp 
after having been exposed to cold, hemolysis occurred very promptly. 

If a suspension of red cells in the serum was placed in a water bath 
at 15 degrees C. for five minutes and then exposed to the rays of the 
lamp, which registered 25 C. on a thermometer placed beside the test- 
tube, hemolysis was prompt and complete, that is, it occurred at the end 
of eight minutes. 

A drop of the suspension of red cells in serum from B was placed 
under the microscope after the mixture had been exposed to cold. The 
rays of an Abb6 condenser supplied suflBcient heat to cause rapid 
hemolysis, which could be observed under the microscope. Many cells 
disintegrated by fragmentation and many faded from view as the 
hemoglobin content was dissolved out of the stroma. The entire field was 
then filled with fragments of red cells which would certainly have been 
mistaken for blood platelets so far as their morphology was concerned. 

If the suspension of red cells in serum A or serum B were exposed 
to a low temperature for hours, no hemolysis occurred until the mixture 
was again warmed. 

The reduction in temperature necessary in the laboratory tests to 
procure activation of this lytic serum gives a very striking suggestion 
of the radiation of heat from the surface of the body and the subsequent 
warming of the blood from the surface, as it again meets the visceral 
blood, and it also illustrates the maintenance of the internal heat by 
metabolism. 

If serum from normal blood was substituted for the lytic serum, and 
washed red cells from either A or B were substituted for the normal red 
cells employed in the former experiments, hemolysis did not occur. 

This showed that the lytic principle was contained in the serum, 
and that hemolysis did not result from a diminished resistance of the 
patient's red blood cells. 

If to a suspension of washed red cells (5 per cent.) in 0.5 c.c. nonnal 
serum, 0.03 c.c. of serum B was added it was found to be the minimum 
proportion of lytic serum necessary to cause hemolysis. So it may be 
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said that approximately 6 per cent, of serum B added to nonnal serum 
was required to cause hemolysis of 5 per cent, suspension of red cells. 

Thus far it is evident that cold (15 degrees C.) is essential for 
fixation of the lytic principle to the red cells, and that a temperature of 
25 C. is necessary for the accomplishment of hemolysis. 

This behavior of the lytic principle strongly suggests the applicability 
of the side-chain theory to this instance of hemoglobinuria. 

In an article by Donath and Ijandsteiner^ we find they had the same 
experience as we had in producing hemolysis in vitro with the serum 
from a case of paroxysmal hemoglobinuria, and, although they attempted 
to prove the applicability of various steps in the side-chain theory, they 
failed to reactivate the seinim after it had been inactivated by heat at 
56 degrees C. for ten minutes. 

If the serum is heated to 56 C. for twenty-five minutes all attempts 
to procure hemolysis by exposure to cold and then to 37 C. are futile. 
This shows, of course, that there is an unstable substance essential for 
hemolysis which answers to the complement of Ehrlich's theory. It now 
remains to be shown that there exists also a stable substance which serves 
as the amboceptor between the complement and the red cells. The first 
step to prove this point requires a successful reactivation of the serum. 
If done by the usual method employed in hemolytic experiments as tried 
by Donath and Ijandsteiner the result is negative. 

0.5 c.c. of inactivated H. S. + washed B. B. C. -f 5^ C. for 
30 minutes + ^'^^ C* for one hour. 

Xow if the normal serum be added and the mixture is placed in the 
thennostat for many hours no hemolysis follows. 

Inasmuch as a low temperature was required to procure fixation of 
the amboceptor to the red cell it seemed probable that reactivation ex- 
periments had hitherto failed because a low temperature was not em- 
ployed in fixing the complementophilic end of the amboceptor to the 
haptophore of the complement. The following reactivation experiment 
proved successful. 

0.5 c.c. of inactivated H. S. + washed R. B. C. + 0.25 c.c. 
of normal serum + 5° C. for 15 minutes. 

The mixture was then warmed to 37 degrees C. and hemolysis fol- 
lowed immediately. 

Thus it is apparent that cold is essential for the fixation of both the 
cytophilic and the complementophilic ends of the amboceptor. 

1. Donath and Lundateiner : MUnchen. med. Wchnschr.^ 
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The foregoing experiments prove the existence of two essential factors 
in the lytic principle of the serum, one of which is unstable and is ren- 
dered inactive by heat and is present in all human sera ; the other factor 
is more resistant to heat and is present only in the serum of patients in 
whom exposure to low temperature produces hemoglobinemia. 

Eason^ in his experiments on the serum of a patient with paroxysmal 
hemoglobinuria by a different procedure showed practically the same 
point, although he failed to recognize the need of a low temperature to 
secure union between the complement and amboceptor. In his experi- 
ment red blood cells were added to the patient's inactivated serum and 
the mixture exposed to ice-water for half an hour. After the mixture 
was removed from the ice-water bath the complement from normal serum 
was added, how long after he does not state, but from our results the 
mixture must have been cold when the complement was added or hemo- 
lysis would not have occurred when the whole mixture was put In the 
brood oven. 

If we are permitted to use the terms amboceptor and complement as 
applied to these two factors contained in the lytic serum it is incumbent 
on us to show that the union between the amboceptor and red cell is a 
biochemic union and one that can not be destroyed by washing the 
cells with physiologic salt solution after red cells have been exposed to 
cold in the presence of the inactivated serum from patients A and B 
respectively. At this period in our work we found that the oxalate 
serum did not differ from the serum which was procured by letting the 
serum separate out of the blood on standing. And as the serum could 
be procured more promptly and in larger amounts by centrifuging the 
oxalate blood, hereafter when the term H. S. is employed we shall mean 
hemoglobinemic serum to which 2 per cent, of 1 per cent, solution of 
potassium oxalate has been added. 

The following is an experiment to show the fixation of the amboceptor 
which proved negative because the mixture was not exposed to a low 
temperature after the complement from a normal serum was added. 
0.5 C.C. of inactivated H. S. + washed R. B. C. -f- 5** C. 
for 1 hour. 

The mixture was centrifuged and the supernatant fluid drawn off; 
the red cells were washed three times with large amounts of an isotonic 
salt solution. We then had presumably the red cells with the amboceptor 
fixed to them and clear of any of the excess of amboceptor which might 
have clung to the cells from the inactivated H. S. 



2. Eason: Jour. Path and BacterioL, 1006-7, xi, 169. 
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If normal serum was now added to these (red cells + amboceptor), 
and the mixture placed in an oven at 37 degrees C. no hemol3^si8 followed. 
In subsequent experiments, however, the mixture of (red cells + a°i" 
boceptor) + normal serum was exposed to a temperature of 5 degrees C. 
for fifteen minutes and then hemolysis occurred as soon as the mixture 
was again warmed to 37 degrees C. Here again we have proof of the 
need of cold to procure fixation of the complementophilic end of the 
amboceptor to the haptophore of a normal serum. 

The following experiments were made to show how the amboceptor 
could be exhausted from the lytic serum. 

To 1 c.c. of inactivated H. S. five drops of a 10 per cent, suspension 
of washed red cells were added. The mixture was exposed to 5 degrees 
C. for one hour, then centrifuged and the supernatant serum drawn off. 
To the supernatant serum, red cells were again added and then 0.25 c.c. 
of normal serum added to the mixture. This mixture was exposed to 
cold for fifteen minutes and warmed to 37 degrees C. Hemolysis fol- 
lowed immediately, but it was not so pronounced as in our other reactiva- 
tion experiments. 

If to 1 C.C. of inactivated H. S. five drops of a 10 per cent, suspension 
of red cells were added, the mixture exposed to 5 degrees C. for one 
hour and then centrifuged, the supernatant serum again exposed to 5 
degrees C. for one hour with five drops of a 10 per cent, suspension of 
red cells again added to the serum, and then centrifuged, the supernatant 
serum could not be reactivated. 

Thus we have shown that if in two stages, ten drops of a 10 per cent, 
suspension of red cells be added to (1 c.c.) the serum and exposed to cold 
one hour each time, the amboceptor can be exhausted from the inactiv- 
ated hemoglobinemic serum. 

From a number of such experiments we learned that if the semm 
with red cells was exposed to cold less than one hour we could not 
procure fixation of the amboceptor.' Thus far we have shown that the 
hemoglobinemic serum contains two factors, one unstable and capable 
of being inactivated by exposure to a temperature of 66 degrees C. for 
twenty-five minutes and is a factor which is common to all human sera 
and answers to the complement of Ehrlich. 

The other factor is found only in the hemoglobinemic sera and is 
resistant to 56 degrees C. for twenty-five minutes. This factor answers 



3. Eaflon (Jour. Path, and BacterioL, 1906-7, xi, 169) was able to procure 
fixation of the amboceptor after one-half hour exposure to cold. He was also able 
to exhaust the amboceptor by one-half hour exposure to cold. 
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to the amboceptor of Elirlich and can be fixed in a biochemic union to 
the red cells and can be exhausted from the hemoglobinemic sera if a 
sufficient number of red cells be suspended in the serum .and the mixture 
exposed to a low temperature for one hour. 

In watching hemolysis take place under the microscope and seeing the 
extreme rapidity with which hemolysis occurred in the test-tubes we 
were impressed with the striking similarity between this hemolysis and 
the hemolysis which occurs when small amounts of ether are added to a 
test-tube of isotonic salt solution with red cells in suspension. 

The natural deduction from such observations was that the lytic 
principle of the serum attacked the lecithin, cholesterin or some other 
lipoid of the red-cell stroma. If this were the case, then an excess of a 
mixture of lecithin and cholesterin in the serum would satisfy the avidity 
of this lytic substance and protect the red cells from destruction. 

The following experiment was made to show this point : 

An emulsion of lecithin (Merck) in normal salt solution and a 
mixture of cholesterin (Merck) in normal salt solution were made. 
Both mixtures were very thick. Three drops of each were added to 0.5 
c.c. of H. S. and the mixture permitted to stand for one hour. Washed 
erythrocytes were added to the mixture and the whole mass exposed to 
5 degrees C. for thirty minutes and then put in the oven at 37 degrees 
C. for twelve hours. No hemolysis followed. 

We found then in trying lecithin and chloresterin separately that 
lecithin did not in the least inhibit hemolysis, but that cholesterin always 
prevented hemolysis even in the slightest degree when present to the 
extent of 5 per cent, or more. 

It remained to be shown how cholesterin exercised this inhibitory 
effect on hemolysis — whether cholesterin exercised merely a negative 
reactive influence or formed a union with the complement or with the 
amboceptor. 

To the hemolytic serum an emulsion of cholesterin in normal salt 
solution was added, and the mixture permitted to stand in the oven at 
37 degrees C. for one hour. The mixture was then centrifuged and the 
clear supernatant serum removed. To this clear serum cells were added 
and the suspension of cells in the serum put in the cold bath at o 
degrees C. for one hour. The mixture was then put in the oven at 37 
degrees C. and at the end of twelve hours there was no hemolysis. 

From this experiment we are permitted to assume there was a de- 
flection of either the amboceptor or the complement. Unlike the behavior 
of the receptors of the red cells and the amboceptor, however, we found 
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by repeated experiments that a low temperature was not favorable to 
anchorage of the cholesterin. 

Cholesterin protected the red cells when 5 degrees C, 22 degrees C. 
and 37 degrees C. were employed, but the best protection seemed to be 
afforded when the cholesterin was in contact with the serum at 37 degrees 
C, so the aflSnity between the lytic principle of the serum and cholesterin 
was not identical in character with the linking of the amboceptor to the 
red cells. 

The following experiments were then made to show whether the 
amboceptor or the complement was deflected : 

One c.c. of the serum was inactivated by heating it at 56 degrees C. 
for twenty-five minutes. To this inactivated serum cholesterin in excess 
was added and the mixture permitted to stand at 37 degrees C. for one 
hour. The mixture was then centrifuged and the supernatant serum 
was clearer than the original unheated serum. We then assumed if 
cholesterin was fixed in this inactivated serum it must be fixed to the 
amboceptor. 

To this clear serum washed erythrocytes were added and the suspen- 
sion was exposed to 5 degrees C. for one hour. The mixture was then 
warmed to 37 degrees C. and 0.4 c.c. of normal serum was added and 
the mixture again chilled at 5 degrees C. for one hour. The mixture 
was then put in the oven at 37 degrees C. and in thirty minutes hemolysis 
was complete. 

Therefore, treating the inactivated serum with cholesterin did not 
prevent anchorage of iiie amboceptor to the red cells. 

The following method was then employed to show whether cholesterin 
deflected the complement or not in a reactivation experiment : 

One c.c. of H. S. was heated at 56 degrees C. for twenty-five minutes. 
Red cells were then added and the mixture chilled at 5 degrees C. for 
on hour to fix the amboceptor. Cholesterin was then added to the mix- 
ture after it stood in the oven at 37 degrees C. for twenty minutes. 
Xonnal serum was then added to the mixture which was chilled at 5 
degrees C. for thirty minutes. The mixture was then warmed and per- 
mitted to stand until the following day, but there was no hemolysis. 
This experiment shows that cholesterin acts by defiecting the complement. 

Early in our experiments on these patients we tried calcium lactate 
as a remedy against hemolysis in both patients. Hiey were given sixty 
grains a day over a period of two weeks, but at the end of that period 
the patients responded to cold as before and the hemolysis in vitro was 
unaffected. Nor did calcium lactate inhibit the hemolysis in vitro. 
After our experiences with cholesterin in the laboratory we administered 
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cholesterin to these patients per os ten grains three times daily dis- 
solved in olive oil. After ten days' trial of the cholesterin treatment we 
found that hemolysis in vitro was unaffected in both patients. The 
weather during this period was very warm, so neither patient had an 
attack, and although neither patient objected to repeated venous punc- 
tures for obtaining blood, they did not wish to expose themselves to an 
attack of hemoglobinuria by exposure to a cold foot bath. So whether 
the cholesterin therapy may offer protection against attacks due to ex- 
posure to cold or not remains undecided. 

We make this statement in view of the experience which Widal and 
Rostain* had with their patients, on whom they were able to confer 
passive immunity by means of an antihemolytic serum. Although the 
patients of Widal and Bostain enjoyed immunity from attacks on ex- 
posure to cold, their sera was as actively hemolytic in vitro during this 
period of immunity as before. 

We repeated the experiment of Widal and Rostain in procuring an 
antihemolytic serum from a rabbit by treating the animal with normal 
human serum.' 

The rabbit was given four intraperitoneal injections during a period 
of three weeks. The amounts of normal serum used at each injection 
were 5 c.c, 15 c.c, 12 c.c. and 12 c.c. respectively. 

To inhibit the lytic action of these patients' sera on red cells we found 
it necessary to employ about 12 per cent, of the inactivated immune 
rabbit's serum added to the serum of patients A and B. Normal human 
serum waa hemolytic to the rabbit's washed red cells, but the sera from 
our patients was more strongly hemolytic than normal human serum. 

Ib tube A was placed 10 c.c. of normal human serum and in tube B 
was placed 10 c.a of hemoglobinemic serumi from patient B. To each, 
i. e., A and B, were added 1 c.c. washed red cells from the rabbit. Both 
tubes were chilled at 5 d^rees C. for twenty minutes and then both 
tubes were put in water (55 degrees C.) for fifteen seconds. Both tubes 
showed hemolysis immediately, but the hemolysis in tube B was more 
complete* than in tube A. We also found that normal human serum com- 
pletely laked the rabit's cells at 37 degrees C. in forty-five minutes with- 
out the previous exposure to cold. 

The treated rabbit's serum also completely laked normal human red 
cells at 37 degrees C. in forty-five minutes without previous use of cold. 



4. V^Tidal and Rostain: Compt. rend. Soc. de biol. de Paris, 1905, 1, 321. 

6. Eason (Jour. Path, and Bacteriol., 1906-7, zi, 203) employed the serum of 
a patient suffering from paroxysmal hemoglobinuria for the same purpose. Any 
human serum serves the same purpose. 
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To test the antihemolytie property of this "sensitized" rabbit serum 
it was, of course, necessary to inactivate the serum at 56 degrees for 
twenty-live minutes. 

"We then found it was necessary to add as much as 12 per cent, of the 
inactivated rabbit's serum to the serum of patient B before hemolysis 
could be completely prevented. The antihemolytie property of our 
rabbit's serum was not so highly developed as in the rabbit of Widal and 
Roetain, probably because the rabbit was treated for a shorter time than 
was the rabbit in the hands of Widal and Rostain. 

Widal and Rostain found that they could confer a passive immunity 
on their patients by subcutaneous injection of 25 c.c. of the inactivated 
serum from the sensitized rabbit. This immunity against cold lasted for 
only ten days. But during the immune period the lytic property of 
their patients' serum in vitro was undiminished. 

This antihemolytie serum of the sensitized rabbit inhibits the hemo- 
lysis if it is added to the mixture of red cells and lytic serum after ex- 
posure to cold. 

The protection from this serum is by virtue of deflection of the com- 
plement and is not due to antiamboceptor. 

The question of etiology arises in relation to these experiments in 
hemolysis in the following manner : 

1. Is the lytic property of these patients' sera due to a want of the 
normal antihemolysin which is presumed to be present in the sera of all 
normal animals? 

2. Does the lytic principle of these sera partake of the diaracter of a 
catalytic agent or a ferment? 

3. Or is the lytic substance a biologic product of some form of in- 
fection which thus far has defied our attempts at detection? 

If the first hypothesis were tenable we should expect to find hemolysis 
inhibited by the addition of inactivated normal human serum. This, 
however, is not the case. If inactivated normal serum is added to the 
fresh lytic serum in equal amounts and the mixture permitted to stand, 
either at a low temperature or at 37 degrees C. for an hour before red 
cells are added, hemolysis results after the mixture is exposed to cold 
just as in the original experiment. 

The second hypothesis is not tenable because the amboceptor can be 
readily exhausted from the inactivated lytic serum by the exercise of its 
function of fixation to the red cells. A catalytic agent would not be 
sacrificed in such measured quantities by the exercise of hemolysis. 

The third hypothesis does not admit of disposal. It is true that these 
patients are in good health as long as they are not exposed to cold, and 
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the fact that they have hemoglobinemic fever can not be regarded as the 
direct effect of some organism. The abundance of cell shadows which 
must exist in the plasma of these patients after hemolysis occurs is quite 
sufficient to account for their fever. But patients may have infections 
without an elevation of temperature, and that, too, when organisms can 
be cultivated from their venous blood. 

We had a patient in our wards at Lakeside Hospital during the past 
year who was a good example of an afebrile infection. 

A young man 20 years old presented all the clinical signs of Hanot's 
type of hypertrophic biliary cirrhosis of the liver with splenic tumor and 
slight icterus. The patient remained three months in the ward and 
during that time a careful watch of his temperature never detected a 
rise above 99 degrees P. From the fluid gained by punctures of the 
spleen and the liver and from blood obtained from the vein of his arm 
we were able to cultivate a large motile bacillus with many characteristics 
of the common colon bacillus. It is true that the patient was ill, but he 
was not ill on accountof his infection, but on account of his diseased liver 
and spleen. With such experiences in mind it does not require a great 
flight of imagination to conceive of an infection of some kind being the 
underlying cause of our patients^ hemoglobinemia. 

Xow, if such were the case we should expect to find some evidences of 
an antibody in the blood of the patient who has had his disease five years 
and who is less sensitive to cold than the other patient who has had his 
disease only one and a half years. 

With this idea in view, inactivated serum from patient A was added 
in equal amounts to the fresh serum of patient B and inactivated semm 
from patient B was added to the fresh serum from patient A in equal 
amounts. These mixtures were permitted to stand one hour before red 
cells were added, but hemolysis resulted after the usual procedure of 
exposing the mixtures to 5 degrees C. and 37 degrees C. as in our earlier 
experiments. 

As the matter at present stands we are justified only in saying that 
the hemoglobinemia which follows exposure to cold is due to some 
biologic product in the plasma which in its behavior admits of tlie dem- 
onstration of ever}' step in hemolysis as expounded by the side-chain 
theory of Ehrlich. 

In conclusion it gives us great pleasure to express our gratitude to 
Dr. J. J. Macleod, professor of physiology in Western Beserve Medical 
School, for valuable suggestions and consultations during the progress 
of our work. 
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Beaumont's famous experiments showed that the gastric juice, even 
outside the body, had an active solvent action on food, and this led Miil- 
ler to suspect the presence in it of a substance acting like diastase on 
starch flour. Eberle, in 1834, found this principle to be present in the 
acid gastric mucus. Miiller and Schwann found that this was true of 
acid extracts of the mucous membrane, but that neither acid nor extract 
alone had any activity. Subsequent research showed that this was a 
property of the gastric mucus or secretion and not of mucus in general, 
as was originally surmised. Pepsin has since that time been exhaustively 
studied, and many remarkable facts have been demonstrated, the most 
interesting of which is Schiitz's law, so-called, which is that the quantity 
of pepsin varies according to the square of the amount of albumin di- 
gested. In spite of all the eflfort that has been devoted to its study, 
pepsin, as such, has never been isolated in a pure state, so that it is im- 
possible to estimate it quantitatively in a true sense of the word; all that 
can be done is to measure its effects and thus gain an idea of its concen- 
tration in a given solution. 

The numerous quantitative methods for the estimation of the activity 
of pepsin have been so frequently reviewed that it is hardly necessary to 
discuss the older literature at length in the present paper. It will be 
suflScient to refer to the summaries in recent text-books, such as that of 
Boas, or to the articles of Koettlitz, Nirenstein and Schiff, Robin, Both, 
and others. The following brief enumeration is, in part, after Both : 

1. The procedures of Bidder and Schmidt, Brlicke, Gruenhagen, 
Jaworski, and Herzen are methods in which the stomach contents are 

*From the Philadelphia Polyclinic and the Private Laboratory of Dr. John H. 
Zinsser. 
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diluted until no further digestion occurs or in which a certain amount 
of albumin or fibrin is exposed to the digestive action of pepsin for vary- 
ing periods of time. The amount of pepsin is calculated with reference 
to the dilution required or the time elapsed. Griitzner and Bourget used 
fibrin colored with carmin and estimated the amount of pepsin by the 
intensity of the red color of the gastric juice produced by the solution of 
the fibrin. Spriggs utilized the change in the viscosity produced by 
digestion as a measure of the ferment action. These methods at the best 
can only give approximate results. 

2. Klug (Van Valzah and Nisbet) used the biuret test as a measure 
of the albumin digestion. The elder Schiitz, Oppler and J. Schiitz also 
calculated the amount of pepton formed; Schutz by the polarimetric 
method and Oppler and J. Schiitz by the estimation of the total nitro- 
gen. Oppler used the Kjeldahl method, but surrounded his test with so 
many precautions to secure natural conditions of ferment action and 
accuracy in results that it is generally regarded as the best and at the 
same time the least available of all methods. 

3. In recent years Mette, Hammerschlag, Bettman and Schroder, 
Solms, Gross and others have introduced methods which aim at the exact- 
ness of the last-named procedure, combined with ease of application. 
Solms' test is described in full below. Bettman and Schroder deter- 
mined the amount of pepsin by observing the rapidity with which the 
foam produced by shaking up an albumin solution containing pepsin is 
dissolved. Some of those who have employed this plan do not appear to 
have been favorably impressed (Cobb). Hammerschlag's method is too 
widely known to require detailed description. It is based on an estima- 
tion of the albumin in a special solution, before and after digestion, by 
means of the Esbach albuminometer. We have used it in a few cases 
and have found, as far as our limited experience goes, that the results 
correspond in a general way with those obtained by the Mette method. 

The following table illustrates a few comparative tests with the Mette 

and Hammerschlag tests: 

No. Mette. H. 

M 498 4.3 mm. 97 per cent. 

M 638 3.9 mm. 87 per cent. 

M 605 3.2 mm. 81 per cent. 

Hammerschlag's test is generally regarded as inferior to that of Mette 
and possesses many faults which have been enumerated by Both and 
others. 

The method of Mette, as modified by Nirenstein and Schiff, is gen- 
erally conceded to compare in exactness with that of Oppler. The technic 
which we have employed is not widely different from that of Xirenstein 
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and Schiflf (cf. Salili) and was described by one of us, with Dr. Sailer, a 
year or two ago. For the convenience of those to whom it is unfamiliar 
it may be briefly described. Glass tubes, 1 to 2 nmi. in caliber and 20 
or 30 cm. in length, are filled by suction with white of egg, plugged with 
bread and boiled for five minutes. They are then sealed with sealing 
wax and after three days are ready for use. The test is carried out as 
follows : One c.c. of the gastric filtrate is diluted with 15 c.c. of N'/20 
hydrochloric acid. Two sections of tubing, 2 or 3 mm. in length, are 
added. A triangular file is suflBcient for cutting the tubes. The speci- 
men enclosed in a covered dish is kept in a thermostat at 37® C. for 
twenty-four hours. At the end of this period the column of albumin 
digested at each of the four exposed ends is carefully measured in tenths 
of a millimeter. An average of the four readings is recorded as the 
result, but it is usual to square this for comparison with other tests in 
accordance with Schiitz's law. 

The following examples will make this clear: 

No. Dil. Reading. Squares. Relative Strength. 

P.271 1 in 4 6.8 46 4 

P.271 1 in 16 3.4 11.6 1 

P.273 1 in 4 6.4 41 4 (approx.) 

P.273 1 in 16 3.3 10.9 1 

Mette's test thus modified excludes various errors which impair the 
value of many other methods, because it possesses the following advan- 
tages : 

1. The acidity in all cases is rendered approximately uniform with- 
out any tedious titrations being required. 

2. The dilution is sufl&cient to overcome inhibition due to albumoses 
(Sailer and Farr), etc., or antiferments. 

3. A uniform surface is exposed to digestion at all times. 

4. Numerous observations show that it complies with Schiitz's law in 
dilutions sufficient to avoid inhibition and to prevent a digestion of 
more than 4 nmi. 

Objections to the method are : 

1. Albumin from different eggs or albumin coagulated at different 
temperatures or heated for different periods of time varies considerably 
in digestibility. 

2. Differences in the caliber of the tubes beyond certain limits affect 
the readings. 

3. Wide variations in the temperature of the thermostat have the 
same effect. 

4. There is a decided personal index in measuring the column of 
albumin. 

These faults can be largely overcome by the following measures : 
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1. An Tmyarying technic and the nse^ possibly, of artificial or dried 
egg albnmin of uniform quality (Onuf). 

2. The use of an artificial pepsin control. For this purpose a 1 or 2 
per cent, solution of a standard pepsin should be employed, diluted 1 in 
16 in the same way as the specimens to be examined. 

3. A uniform method of measurement. 

In these tests we employed an ordinary clinical microscope (low 
power) fitted with a movable stage and vernier scale. 

Two illustrations will show the value of controls where there are wide 
discrepancies : 

(a) No. Mette. (b) No. Mette. 

M273 5.2 M511 4.4 

M 282 5.8 M 620 2.8 

M251 2.8 M638 3.9 

Control pepsin, 1/16 per cent. 4.2 Control pepsin, 1-10 per cent. 2.8 

Comparison in these cases leads us to lay less stress on the high figures 
obtained in the first experiment. Similarly M. 251 can be regarded as a 
case of greatly diminished pepsin, while M. 520 with the same reading is 
merely a low normal. 

Jacoby, in 1906, in a short article disputing Pawlow^s assertion that 
pepsin and rennin were identical, introduced a new method of determin- 
ing pepsin, which, he claims, decided definitely the individuality of the 
two ferments. This method was by means of ricin, a solution of which, 
he found, was cleared up by pepsin. Although this peculiar property 
had been observed by him some time before while pursuing his study of 
ricin, its adaptability to clinical use was not brought forward until Solms 
published his paper in 1907. 

Jacoby had found that, if pepsin were added to a 1 per cent, solution 
of ricin in salt solution, the cloudiness due to the albuminous substances 
in the ricin disappeared rapidly and completely. Working on this under 
Jacoby's direction, Solms evolved the following simple procedure, the 
only fluids needed being a solution of ricin and a N/IO hydrochloric 
acid solution: 

The ricin solution is made by dissolving 0.5 gram of ricin in 60 c.t, 
of a 5 per cent, sodiimi chlorid solution and filtering. (The recin used 
by Solms was obtained from the Vereinigte chemische Werke, Charlotten- 
burg, Salzufer 16, costing 2 marks for 10 grams. Solms preferred this 
preparation of ricin to Merck's, principally on account of the limited 
supply and the great cost of the latter.) The filtered ricin solution has 
a somewhat cloudy appearance, but on the addition of 0.5 c.c. N/10 
hydrochloric acid solution becomes decidedly milky. The milky appear- 
ance is cleared up by pepsin. 
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His technic is as follows: The gastric juice is obtained by extracting 
the stomach contents one hour after the ingestion of an Ewald-Boas test 
breakfast. He tests this for the presence of free hydrochloric acid, then 
determines the total acidity, and in appropriate cases examines for lactic 
acid. According to his findings he makes varying dilutions of the con- 
tents with distilled water. In cases of hyperacidity he dilutes the filtered 
contents from 1 :100 to 1 :10000, whereas in cases of anacidity or sub- 
acidity the dilutions vary from 1:10 to 1:100. In normal cases he 
dilutes from 1 :100 to 1 :1000. 

In each of the five test tubes he puts 2 c.c. of the filtered ricin solu- 
tion; then with another graduated pipette he adds 0.5 c.c. N/10 hydro- 
chloric acid, which causes the mixture to become very cloudy. Having 
numbered the test tubes 1, 2, 3, 4 and 5, he puts in the first tube 1 c.c. of 
boiled gastric juice; in the second, 0.9 c.c; in the third, 0.8 c.c; in the 
f ouri:h, 0.5 c.c, and in the fifth, c.c Then he takes the unboiled juice 
and, having diluted 1 c.c. of juice with 99 c.c. of water, he puts in the 
first test tube c.c ; in the second, 0.1 c.c ; in the third, 0.2 c.c ; in the 
fouri;h, 0.5 c.c, and in the fifth, 1 c.c, so that in each tube there are 3.5 
c.c of fluid. The test tubes are then corked and put in an incubator, 
where they are allowed to stand for three hours; at the end of this time 
they are taken out and the tubes examined to see with what dilution the 
ricin has been cleared up. If an incubator is not at hand the tubes can 
be left at room temperature, of course for a correspondingly longer time. 

In order to obtain a convenient expression of the pepsin content of a 
gastric juice, he designates that amount of pepsin contained in 1 c.c of a 
1 :100 dilution, which is capable of clearing up the ricin solution after 
three hours' standing in an incubator, as 100 pepsin units. This he has 
decided on as the normal standard, because after many examinations of 
specimens of normal acidity he found the ricin to be cleared up by 1 c.c. of 
a solution diluted 1 : 100. Solms considers the normal acidity to be 40 to 
60, and anything above or below this to be hyperacidity or hypoacidity, 
and gives tables showing the pepsin content in these various conditions. 
His tables show no fixed relation between the acidity and the amount of 
pepsin, except in those cases in which the acidity is very low or the free 
hydrochloric acid entirely absent, under which conditions the pepsin will 
be found to be low also. Solms thinks that from a study of his tables he 
has learned nothing which would tend to show that the estimation of 
pepsin has a diagnostic or therapeutic value. 

Witte studied this new method of Jacoby and Solms and recommends 
it strongly on acount of its simplicity and cheapness. The only modifi- 
cation he proposes is to add a dilution of 1 :50, since in his experience 
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there have been cases where a dilution of 1 : 100 did not quite dissolve the 
ricin. His conclusions are about the same as those of Solms^ namely, 
that the normal pepsin unit is between 100 and 200 and that there is but 
slight relation between the acidity and the amount of pepsin, except in 
cases of lowered acidity, in which the pepsin is likely to be lower. Witte 
made a few comparisons with the Mette method, but prefers the ricin 
procedure. 

TABLE 1.— NORMAL ACIDITY— 40-60. 
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z 
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fa 
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40 





2 


40 


30 


8 


42 
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4 


43 
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5 


44 


26 


6 


48 


10 


7 


50 


18 


8 


50 


30 


9 


50 


+ 


10 


50 
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11 


50 


+ 


12 


54 


34 


IS 


54 


36 


14 


56 


24 


15 


68 


30 


16 


58 


34 


17 


60 


45 


18 


60 


+ 


19 


45 


20 



Riciu. 


Mette. 


100 not clear. 


1.6 (2.6) 


100-200 


3.8 (14.4) 


100 


3.1 (9.6) 


Not made. 


8.3 (10.9) 


200 


3.2 (10.2) 


100 


4.9 (24) 


10 


3.9 (15.2) 


200 


4.4 (19.4) 


100 not clear. 


0.5 (0.25) 


Not made. 


3.2 (10.2) 


Not made. 


4.9 (24.0) 


100-200 


4.3 (18.5) 


100 


Not made. 


100 


Not made. 


100 not clear. 


3.7 (18.7) 


100 


3.0 (9.0) 


100 


5.2 (27.0) 


100 


5.0 (25.0) 


100 


Not made. 



Diagnosis. 



Case No. 



Carcinoma pylorus.* 

Hyperchlorhydria 

Chr. constipation 

Hyperchlorhydria 

Gastro-enteroptosis 

Chloro-anemia " * 

Chr. gastritis 

Migraine — dilatation of stomach . . . 

Pyloric obstrnctiont 

Constipation— nervous dyspepsia. . . 

Chr. constipation 

Gastric neurosis 

Tubercular enteritis 

Cholecystitis 

Hyperchlorhydria 

Neurasthenia— gastric neurosis. . . . 
Cholecystitis— hyperchlorhydria . . . 
Malnutrition— chr. pancreatiti8(7). . . . 
Gastric neurosis 



F. S. 

M.,464 

P., 335 

P., 273 

M.,505 

M.,311 

M.,570 

M.,511 

Q.C. 

P., 300 

F.B. 

M.,434 

M.,659 

M.,884 

M.,402 

M.,4(9 

M.,791 

S.C. 

M.,663 



• Without preliminary lavage. Lactic ac. +. Lower dilution of ricin not made. 
t Probable carcinoma. Butyric add. Lower dilution of rlcln not made. 

Gross advances a new method which he claims to be simpler than the 
foregoing. His method is based on the precipitation of undigested casein 
by sodium acetate, but we have had no opportunity of studying its value. 
Gross claims that the Jacoby-Solms method is open to criticism on one 
point, and that is that the ricin they used is very impure and that there 
is no way of determining just what foreign bodies are mixed with it. He 
also objects to the method on grounds of expense, but this, depending 
merely on a personal point of view, requires no comment. 
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In making our studies we have followed closely the technie as laid 
down by Solms and have seen no reason to make any change or modifica- 
tion. The only drawback we have encountered is that the ricin solution 
must be freshly prepared. We tried making up a large amount, and fil- 
tering it only as needed, but the filtrate was so cloudy that it was difficult 
to determine the extent of pepsin digestion, as the solution did not be- 
come clear even when the gastric juice was but little diluted. After the 
ricin solution is once made, the preparation of the five tubes for peptic 
digestion occupies very little time, not more than seven minutes on an 
average, when once the technie has been perfected. 

The results of our studies are shown in the accompanying tables, 
which are self-explanatory. 

SUMMARY OP THE TABLE OF NORMAL ACIDITY (40-60). 

Apart from three cases, Nos. 1, 9 and 18, the ricin and the Mette 
methods gave results within normal limits. In our table the ricin 
results of Case 1 is reported as "100 not clear," but in this case, as in 
Case 9, lower dilutions than 1 : 100 were not made. Finding that 100 
was not digested, we should have begun with a dilution of 1 :10, when 
there would doubtless have been a low reading corresponding with that 
by the Mette method. Case 18 shows the Mette result to be at the ex- 
treme upper limit of the normal, while the ricin remains exactly normal. 
From a study of the table we see that, apart from those cases with or- 
ganic acids or diminished free hydrochloric acid, no aid in diagnosis 
other than that derived from the ordinary chemical examination has been 
obtained by the determination of pepsin. In Case 9 retention, favoring 
the production of organic acids, is the cause of the relatively high acid- 
ity. The same case (Table 2, 10), after lavage, showed a very low acidity 
and a minimal amount of pepsin. Therapeutically, the table is sugges- 
tive, but nothing more. 

SUMMARY OP THE TABLE OP LOW ACIDITY (beLOW 40). 

With low acidity the pepsin is also low, both by the ricin and Mette 
methods. In two instances. Cases 8 and 5, the Mette was normal, while 
the ricin was absent or diminished, respectively. This discrepancy can 
be explained, as the controls for the Mette tests were also high. In 
Case 14 the ricin was normal, while the Mette was subnormal. We have 
no explanation to oflfer for this variation. 

Pepsin determination seems to be of value in distinguishing simple 
gastritis and neuroses from achylia and carcinoma. In the last two the 
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pepsin is invariably very much diminished, whereas in the first two it is 
unaffected or but slightly altered. In this we disagree with Witte, who 
found that pepsin was always low in neuroses. 

8UMKABY OF THE TABLE OF HYPERACIDITY (ABOVE 60). 

With very few exceptions, the ricin and the Mette methods coin- 
cided in cases of hyperacidity, although the former is not capable of 
showing the finer gradations of the latter. In two cases, 27 and 65, 

TABLE 2.— SUBNORMAL ACIDITY— BB LOW 40. 
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-."O 

f 


p 


Rioin. 


Mette. 


Diagnosis. 


Case No. 


1 


35 





10-20 


2.3 (5.8) 


Endarteritis— ehr. tuberculosis 


. . . M., 140. 


2 


34 


+ 


Not made. 


3.4 (11.6) 


Constipation— Snbacidity. . . 


P., 271. 


3 


28 


6 


10 


2.8 (7.8) 


Cholelithiasis-gastritis . . . 


. . M.,251. 


4 


2« 





20^ 


2.0 (4.0) 


Polycythemia— chr. gastritij,*. 


. . M.,814. 


6 


36 


8 


1(V20 


3.3 (10.9) 


Gastric neoroeis 


. . M..579. 


6 


25 





10 


0.8 (0.64) 


Pyelitis 


. . M.,189. 


7 


22 





10 


1.0 (1.0) 


Chr. gastroenteritis! 


. . M.«813. 


8 


22 








3.4 (11.6) 


Chr. gastritis 


. . M.,571. 


9 


20 
12 







Not made. 


0.1 (0.1) 
0.5 (0.25) 


Anacidity 


. . . M.»576. 


10 


Carcinoma pyloms^ 


. . . F.8. 


11 


12 





Not made. 


0.8 (0.64) 


Chr. Diarrhea— achyUa gastric 


a§. . P., 360. 


12 


12 





Not made. 


0.5 (0.25) 


Incipient tbc.— splanchnoptosi 
achylia gas 
Achylia gastrica]] 


B P., 15. 


13 


4 





Not made. 





vnca 

. . . P., 270. 


14 


nsd) 


+ 


100-200 


2.4 (5.7) 


Spastic stricture of esophagus. 


,. .^ p., 102 


15 


- 34(2) 


+ 


100 not clear. 


2.2 (4.8) 


ib** 


► ib. 


16 


I 6 (3) 





10 not clear. 





ibft 


J ib. 



* Vomltus. t Lactic acid present 

t Lactic acid present after lavage. See F. S., Table 1. 

i No lactic add. 1 1 Lactic acid present 

*• Lower dilation of rldn not made. tt Contents of esophageal dilatation. 

the ricin was 1,000, while the Mette was also high. In Case 37 there 
was a disproportion between the two methods, the ricin being 1,000 
while the Mette showed a normal value. In this case two dilutions of 
ricin were made, one of 1 :100 and the other 1 :1000, in each of which the 
result was 1,000 units. In two other cases, 63 and 56, the ricin was ab- 
normally high and the Mette low, which can be explained by the low 
result obtained in the control experiment. 
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Here our efforts to find some diagnostic aid in the quantitative esti- 
mation of pepsin have met with failure. The fact that there is no definite 
relation between the degree of acidity and the amount of pepsin might 
suggest the use of artificial pepsin in occasional cases. 

COMPLETE SUMMABT. 

Our tests indicate that the normal variation of the Mette method is 
between 3(9) and 5 (25), of the ricin method 100 to 200. In carcinoma 
ventriculi, achylia and occasionally in chronic gastritis, the pepsin deter- 
mination reveals values below the minimal normal, but as a rule in neu- 
roses and chronic gastritis the pepsin is relatively but little affected in 
contradistinction to carcinoma and achylia, and this would seem to be of 
assistance in making a differential diagnosis between these conditions. 
We have found, as have others, that within normal limits there are wide 
variations without apparent relation to the acidity, but at present we are 
not in a position to draw any diagnostic or therapeutic conclusions from 
these observations. 

The results obtained with the ricin method correspond with those 
shown by the Mette method ; that is, normal values and subnormal values 
are clearly shown, but the finer variations are not seen and when present 
frequently do not correspond with the Mette results. This is true even 
when we have made allowance for differences in the Mette tubes by means 
of the controls referred to above. 

Both tests are valuable as rough quantitative methods, and they are 
carried out with equal facility. The Mette has the advantage of exclud- 
ing variations due to differences in acidity without requiring any previous 
titration. There has been no attempt made to see whether the ricin 
method follows the law of Schiitz, nor has there been any attempt made 
to bring the various tubes to a uniform acidity. The variation in the 
acidity of the five tubes would seem a priori to be fruitful of grave errors. 
This could probably be obviated by suitable dilutions with N/20 hydro- 
chloric acid, similar to those employed by Nirenstein and Schiff in 
their modification of the Mette method. These questions may form the 
basis of a supplementary communication. 

We have made little therapeutic use of the knowledge we have ob- 
tained. The wide variations in the pepsin values would suggest that the 
drug has been too much despised by stomach specialists, though this can 
not be said of practitioners in general. It would seem to be indicated in 
cases showing subnormal peptic values, with preservation of at least a 
fair degree of acidity. In chronic gastritis with low acidity and low 
pepsin, in achylia and in carcinoma it would be necessary to add hydro- 
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TABLE 3— HTPBEACIDITY— ABOVE 60. 



1 


-2 

1* 


? 


Ricin. 


Mette. 


Dia«rnosis. 


Case No. 


1 


62 
62 


+ 


Not made. 
Not made. 


3.2 (10.2) 
8.8 (14.0) 


Gastric ulcer 


P., 810 


2 


Constipation— chronic gastritis 


P., 229 


8 


62 


+ 


100 


4.6 (21.2) 


Cholelithiasis— pyloric adhesions. . . . 


P., 280 


4 


62 


30 


100-200 


Not made. 


Goiter-dilated stomach 


M.,871 


5 


62 


84 


100 


2.8 (7.8) 


Psoriasis— eczema 


M..520 


6 


62 
62 


86 
16 


100-200 
10 


4.1 (16.8) 
8.8 (14.4) 


Gastric neurosis 


M.,300 


7 


Carcinoma pylorus* 


M.,227 


8 


64 
64 


40 
80 


100 
100 


3.3 (10.9) 
Not made. 


Neurosis 


M.,575 


9 


Nephritis— gastritis * . . . . 


M.,824 


10 


64 


48 


100 


3.1 (9.6) 


Adhesions(?)— hyperchlorhydria .... 


M.,615 


11 


64 


+ 


Not made. 


2.8 (5.8) 


Chronic gastro-enteritis 


P., 272 


12 


65 
65 


40 
40 


100.200 
100 


3.6 (13.0) 
8.4 (11.6) 


Glycosuria 


M.,500 


IS 


Syphilis— neurasthenia 


lU..f WW 

M.,176 


14 


66 
66 


40 
36 


100 
100 


2.8 (7.8) 
3.2 (10.2) 


Myalgia 


M.,680 


15 


Tachycardia 


M.,236 


16 


66 
67 


40 

4- 


100 
Not made. 


Not made. 
3.4 (11.6) 


Gastroptosis— gastric neurosis .... 


M.,225 


17 


Epilepsy 


P., 824 


18 


68 


24 


200 


8.6 (13.0) 


Frontal sinusitis-neurosis-hype racid.. 


M.,423 


19 


68 


42 


200 


4.3 (18.5) 


Gout— neurosis— alcoholic gastritis.f. . 


M.,4d8 


30 


68 


84 


100 not clear. 


3.8 (10.9) 


Pancreatitis- hyperchlorhydria 


Mm 856 


21 


68 


46 


100-200 


4.6 (21.2) 


Cholecystitis— gastric ulcer 


M.,822 


22 


68 


+ 


100 


4.0 (16.0) 


Hypochondriasis 


F.W. 


28 


68 


+ 


Not made. 


3.2 (10.2) 


Gastric ulcer 


F.M. 


24 


68 


44 


100-200 


5.9 (34.8) 


Chr. appendicitis— gastric neurosis. . . 


M.,757 


25 


70 


40 


100 


Not made. 


Jaundice— cholecystitis 


M..664 


26 


70 


40 


100-200 


4.0 (16.0) 


Gastritis— hyperchlorhydria 


M.,784 


27 


70 


54 


1000 


5.8 (33.6) 


Hour-glass contraction of stomach— 
pyloric adhesions. 


M.,282 


28 


70 


46 


100 


8.2 (10.2) 


Fibroid of uterus -hyperchlorhydria . 


M.,871 


29 


78 


+ 


Not made. 


4.4 (19.4) 


Constipation— hyperchlorhydria 


P., 258 


80 


74 


44 


100 


4.7 (22.0) 


Hyperchlorhyd ria— py lorospasm— cho- 
lecytitis-chr. appendicitis. 


M.,S85 


81 


75 


55 


100 


8.0 (9.0) 


Hyperchlorhydria 


M.,5S8 


32 


75 
76 
76 
76 


40 
30 

+ 

+ 


100-200 

100 

Not made. 

Not made. 


3.0 (9.0) 
4.0 (16.0) 
3.0 (9.0) 
5.4 (29.1) 


Exophthalmic goiter 


M..456 


28 


Apptendicitis 


M.,826 


84 


Splanchnoptosis 


S P. 


35 


Gastroptosis— hyperchlorhydria 


P., 193 



• Vomitus. 



t Ilammerscblag, 97%. 
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36 


78 


56 


100 


8.5 (12.8) 


Chr. appendicitis 


Mm 698 


87 


78 


64 


1000 


8.8 (14.4) 


Appendicitis— hjperehlorhjdria.! 


M.,476 


88 


78 


36 


100 


3.9 (15.2) 


Hyperchlorhydria 


M.,450 


89 


78 


40 


100 


3.8 (14.4) 


Gastric ulcer 


M.,430 


40 


80 


+ 


Not made. 


4.0 (16.0) 


Splanchnoptosis— incipient tbc 


P., 296 


41 


80 


55 


100 


3.4 (11.6) 


Hyperchlorhydria 


M.,678 


42 


80 


55 


100 


3 (9.0) 


Hyperchlorhydria 


M.,685 


43 


82 


52 


100 


3.0 (9.0) 


Hyperchlorhydria 


T. T. M. 


44 


82 


52 


100 


3.8 (14.4) 


Bronchitis-gastritis 


M. 500 


45 


82 


+ 


100 


4.6 (21.2) 


Cholelithiasis-hyperchlorhydria. . . . 


F.a 


46 


82 


54 


100 


3.4 (11.6) 


(Jastritis 


M.,688 


47 


84 


52 


100 


3.1 (9.6) 


Hyperchlorhydria 


T.M.B. 


48 


84 


60 


100 


Not made. 


Neurosis— hyperchlorhydria 


M.,883 


49 


85 


86 


100 


2.9 (8.4) 


Neurasthenia— gastroptosis 


M.,692 


50 


85 

86 
86 


55 

48 
58 


100 
100 
100 


2.6 (6.8) 
4.9 (24.0) 
6.2 (27.0) 


Gastric neorosis 


M.,667 


51 


Gastric neurosis. 


M.,561 


52 


Appendicitis— hyperchlorhydria .... 


Mm 273 


58 


88 


54 


500 


2.8 (7.8) 


Cholecystitis— hyperchlorhydria.§.. . . 


Mm 171 


54 


88 


58 


100-200 


4.9 (24.0) 


Frontal and ethmoidal sinusitis— hy- 
peracidity. 


Mm 786 


55 


88 


62 


1000 


5.3 (28.0) 


Gastritis— hyperchlorhydria'' 


Mm 334 


56 


95 


60 


500 


8.1 (9.6) 


Neurosis— hyperchlorhydria 


Mm 489 


57 


100 


45 


100 


2.9 (8.4) 


Gastric ulcer 


MmS07 


68 


106 


94 


10O-20O 


Not made. 


Cystitis-enteritis 


M..82S 


59 


110 


62 


200 


8.7 (13.7) 
4.2 (17.6) 


Epilepsy(t) 


M 713 


60 


112 


+ 


Not made. 


Hyperchlorhydria.. ' * ... 


Pm841 



t Two contTol8p first with dll. of 1 :100 ; second with dll. of 1 .1000. 
I Mette control also low. 

chloric acid. In many cases it is (ioubtf ul if enough acid could be intro- 
duced, except occasionally with a stomach tube, to allow of normal pro- 
teolysis. A practical expedient (Sailer) is to saturate meat or milk, be- 
fore taking, with dilute hydrochloric acid until free «cid can be detected, 
after which a small dose of hydrochloric acid will suflSce. Pepsin should 
be given in suflBcient amounts to make a 1/4 to 1/16 per cent, solution 
in the contents of the stomach (estimated in advance). It should be 
given with or followed by at least twenty minims of dilute hydrochloric 
acid. Both may be repeated once or twice at short intervals to make up 
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for the amount expelled into the duodenum. Gasterine, or the normal 
gastric secretion of the dog obtained through a Pawlow fistula, has been 
advocated by Fremont and others (see Bettmann) in doses of 100 to 500 
c.c We have had no experience with it, but it would seem to have no 
advantage over a mixture of pepsiu and hydrochloric acid unless it pos- 
sesses some "vital" or other property independent of its principal con- 
stituents. 

In conclusion, we desire to acknowledge our indebtness to Drs. 
Musser, Sailer and Talley for the use of their clinical material, which 
we have freely used to supplement our own. 
211 S. 17th Street. 
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DISCUSSION. 

Db. Joiix II. MussEB, Philadelphia: I can testify to the soundness of the 
observations that were made by Drs. Farr and Goodman. 

Dr. M. J. LicnTY, Cleveland: Does not the quantity of pepsin vary directly 
in a great measure with the quantity of hydrochloric acid? I feel that some 
of the best authorities have so regarded it, and therefore I wonder whether it 
was essential that such a careful determination of the quantity of pepsin 
should be made in chemical work under such circumstances. I am convinced 
that the longer one would watch these cases, and the more carefully one took 
note of the acid secretion of the stomach the more likely was one to get along 
without the use of pepsin in the digestion of foods. 

Dr. J. R. Williams, Rochester, N. Y.: One question of importance is the 
value or the lack of value of most of the pepsin preparations on the market. 
I have examined most of these preparations by the method described, and the 
best of them, compared to the normal gastric juice, were of slight value; the 
real fact is that the normal gastric juice will digest more albumin in a few 
hours, from four to ten, for instance, than any of the so-called digestants would 
in two days, in the doses ordinarily recommended. I have had some experience 
in this, and on the point raised by Dr. Lichty on the work that was done in 
Kalamazoo. It has been proved that the presence of pepsin as a rule varies with 
the hydrochloric secretion; but in the cases of pronounced mental depression 
very often there is a very marketl increase of hydrochloric acid and a total ab- 
sence of pepsin. 
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Dr. Nathan Rosewater, Cleveland: In re«rard to the protolytit- value of 
pepsins on the market, my experience differs from that stated in this paper. I 
have examined pepsin in years gone by on a number of occasions and foimd 
those examined to be as represented, one grain being capable of digesting fully 
3,000 grains of coagulated egg albumin — almost half a pound — practically as 
much as is eaten at a meal. Pepsin can do no harm, and often must prove 
beneficial. It is not without value even when there is no absence of gastric 
secretion. I believe that the proper administration of pepsin, hydrochloric acid, 
etc., to hasten the digestion of meals, especially in cases of neurasthenia and 
myasthenia when digestion is delayed, is of great clinical value, resting the 
tired glands, muscles and ner\-ous apparatus involved. The saving of an hour's 
work, more or less, for each meal, must prove of great advantage. Regarding 
the test described, I suggest that the tube should not rest on the bottom as 
described, because the saturated solution as formed, being heavier than the 
solvent, soon surrounds the tube at the bottom of the vessel, preventing access 
of unsaturated solvent to the surface of the substance in the tube, and thus 
tends to vitiate the accuracy of the result of the tests; I therefore suggest that 
the tube be suspended near the upper surface of the solvent, so that, as fast as 
the substance in the tube enters into solution with the solvent, the saturated 
solution so formed at the surface of the solid, can sink toward the bottom, 
while successive portions of solvent can come in contact and dissolve fresh sur- 
faces of substance in the tube; thus would be secured a continuously fresh sur- 
face and solvent, and a proper circulation of the solution formed which should 
tend to secure more uniformity and accuracy of result. 

Db. Edwabd H. (iooi)MAN, Philadelphia: Refjarding Dr. Lichty's remarks 
about the quantitative and qualitative estimation of pepsin varying with the 
degree of acidity in Dr. Farr's and my studies of hyperacidity and normal 
acidity, there were no variations; but with the subnormal acidities the pepsin 
dropped with the hydrochloric acid. Dr. Farr and I have not been able to 
confirm the presence of hydrochloric acid and total absence of pepsin in nervous 
diseases. Dr. Rosewater 's suggestion that the tube be suspended is one well 
worth taking up. 
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PROCEEDINGS OF THE SESSION 



Tuesday, June 2— Afteenoon. 

The Section wao called to order at 2 p. m. in Sinai Temple 
by the Chainnan, Dr. C. F. Hoover, Cleveland. 

The Chairman read his address, entitled "Paroxysmal Hemo- 
globinuria." 

Dr. Frank A. Jones, Memphis, read a paper on "Clinical 
Manifestations in Cardiovascular Disease." 

Dr. James B. McElroy, Memphis, read a paper on "Cardiac 
Aneurism, with Report of a Case Associated with Mediastino- 
pericarditis." Discussed by Drs. Robert Preble, Chicago; James 
B. Herrick, Chicago; William J. Butler, Chicago; and James B. 
McElroy, Memphis. 

Dr. Frank Smithies, Ann Arbor, read a paper on "Clinical 
Aspects of Certain Mediastinal Tumors." Discussed by Drs. 
Thomas D. Coleman, Augusta, Ga.; Alexander Lambert, New 
York; Robert H. Babcock, Chicago; John Francis Herrick, 
Ottumwa, Iowa; and Frank Smithies, Ann Arbor. 

Dr. A. W. Hewlett, San Francisco, read a paper on "Clinical 
Observations on Absolutely Irregular Hearts." Discussed by 
Drs. Robert H. Babcock, Chicago; Arthur P. Hirschf elder, 
Baltimore; W. S. Thayer, Baltimore; Edward F. Wells, Chi- 
cago; R. C. Allen, St. Joseph, Mich.; G. W. McCaskey, Fort 
Wayne, Ind.; and A. W. Hewlett, San Francisco. 

Dr. John A. Witherspoon, Nashville, read a paper on 
"Malignant Septic Endocarditis." Discussed by Drs. Frank 
Billings, Chicago; O. M. Gilbert, Boulder, Colo.; Frank A. 
Jones, Memphis, Tenn.; M. Howard Fussell, Philadelphia; 
Frank Smithies, Ann Arbor; and John A. Witherspoon, Nash- 
ville, Tenn. 

Wednesday, June 3— Mobnino. 

Dr. L. F. Bishop, New York, read a paper on "High Arterial 
Tension of Nervous Origin, with Diagnosis, Consequences and 
Treatment." 

Dr. Joseph Eichberg, Cincinnati, read a paper entitled, "The 
Factors in the Estimation of Blood Pressure, with a Special 
Reference to the Tonometer of von Recklinghausen." 

These two papers were discussed by Drs. W. Forest Dutton, 
Pittsburg; N. S. Davis, Chicago; Arthiur D. Hirschf elder, Bal- 
timore; I. J. Wolf, Kansas City; Joseph L. Miller, Chicago; 
S. St. John Wright, Akron, Ohio; C. F. Hoover, Cleveland; L. 
F. Bishop, New York; and Joseph Eichberg, Cincinnati. 
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The Chairman appointed a Nominating Committee as fol- 
lows: Drs. H. W. Hewlett, San Francisco; Alfred Stengel, 
Philadelphia, and Frank A. Jones, Memphis, Tenn. 

Dr. H. D. Arnold, Boston, read a paper entitled, "The 
Physics of Physical Signs, with Special Reference to the 
Respiratory Murmur." Discussel by Drs. George N. Jack, 
Buffalo; Henry Sewall, Denver; Walter E. Scott, Adel, Iowa; 
T. C. Edwards, Salina, Cal.; and H. D. Arnold, Boston. 

Dr. Clifford B. Farr and Dr. Edward H. Goodman, Philadel- 
phia, presented a paper entitled, "Clinical Value of the Quan- 
titative Estimation of Pepsin, with Special Reference to the 
Mette and Ricin Method." Discussed by Drs. John H. Musser, 
Philadelphia; M. J. Lichty, Cleveland; Williams, New York; 
Nathan Rosewater, Cleveland; and Edward H. Goodman, Phil- 
adelphia. 

Dr. Arthur D. Hirschfelder, Baltimore, read a paper on 
"The Importance of Receiit Studies on the Circulation for the 
Practice of Medicine." Discussed by Drs. W. S. Thayer, Bal- 
timore; G. W. McCaskey, Fort Wayne, Ind., and A. D. Hirsch- 
felder, Philadelphia. 

Dr. G. W. McCaskey, Fort Wayne, Ind., read a paper en- 
titled, "The Viscosity of the Blood and Its Clinical Signifi- 
cance." Discussed by Drs. S. P. Black, Pasadena, Cal : ; Henry 
B. Hemenway, Evanston, HI.; Henry French Goodman, Chi- 
cago; Nathan Rosewater, Cleveland; F. J. Hultgen, Chicago; 
L. F. Bishop, New York; and G. W. McCaskey, Fort Wayne, 
Ind. 

Wednesday, June 3 — ^Aftebnoon. 

The meeting was called to order at 2 p. m. by the Chair- 
man. A joint meeting, a symposium on typhoid fever, was 
held with the Section on Pathology and Physiology. 

A paper on "The Channels of Infection and the Suppression 
of Typhoid Fever," was read by Dr. M. J. Rosenau, Wash- 
ington, D. C. 

Dr. Francis W. Peabody, Boston, read a paper on "The 
Value of Blood Cultures." 

A paper on "Typhoid Bacillus Carriers," was read by Dr. 
William H. Park, New York. 

Dr. David L. Edsall, Philadelphia, presented a paper on 
"Conditions Simulating Perforation in Typhoid Fever." 

A paper on "The Metabolism of Typhoid Fever, was read 
by Dr. P. A. Shaffer, New York. 

Dr. Thomas McCrae, Baltimore, read a paper entitled, 
"Treatment of Typhoid Fever." 

These five papers were discus8e4 by Drs. James M. Anders, 
Philadelphia; Lipston; Alexander Lambert, New York; M. J. 
Rosenau, Washington, D. C; R. L. Jones, Nashville, Tenn.; 
Francis W. Peabody, Boston; Henry Albert, Iowa City, Iowa: 
Marks; William Litterer, Nashville, Tenn.; John A. Lichty, 
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Pittsburg; D. L. Edsall, Philadelphia; Lawrence Litchfield, 
Pittsburg; H. B. Weaver, Asheville, N. C; E. P. Joslin, Bos- 
ton; W. S. Thayer, Baltimore; Henry B. Favill, Chicago; J. A. 
Witherspoon, Nashville; G. E. Munson, Springfield, 111.; Lyon; 
Jackson; Baron; Bryan; Coffin; and Thomas McCrae, Balti- 
more. 

Thursday, June 4 — Mormno. 

The meeting was called to order by the Chairman, Dr. C. F. 
Hoover, at 9:30 a. m. 

The Nominating Committee made the following report: 
Chairman, Dr. Joseph L. Miller, Chicago; secretary. Dr. Wilder 
Tileston, Boston: Orator on Medicine, James B. McEIroy, 
Memphis; delegate, Dr. George Dock, Ann Arbor; alternate 
delegate. Dr. W. R. Thayer, Baltimore. 

On motion of Dr. W. S. Thayer, Baltimore, the Secretary 
was empowered to cast one ballot for the election of the offi- 
cers nominated. 

Dr. Nathan Rosewater, Cleveland, read a paper entitled, 
"Disguised Starvation." 

The Chairman said that it had been suggested by several 
men that a modification of the program of the meeting of the 
Section would add very much to the interest of the Section, 
facilitate discussion and increase the number of men who 
could serve on the program. He said that he would be glad 
to hear any motion or suggestion regarding the method of 
procedure by which this could be brought before the Section. 

Dr Edward F. Wells, Cliicago, said that it was clear that a 
section as large as the Section on Practice of Medicine of the 
American Medical Association, with a program containing 
forty papers, did not represent the proportion it should; that 
if it did represent the proper proportion, according to the pres- 
ent arrangements, it would be a physical impossibility to have 
them all read in the time allotted. It seemed to him that a 
further extension and presentation of papers might be made. 
He merely suggested that a certain number of selected papers 
be read as at present; that a certain number be printed in 
full, but with good abstracts, to be followed by an oral discus- 
sion of five or ten minutes' duration. These abstracts should 
be printed and presented to the members of the Section in 
advance of the session. Another division of the papers might 
be printed in full with discussion. Such papers might be full 
of details, of experiments, of observations, etc. He suggested 
that the number of papers be limited to eighty or one hun- 
dred, and that one-third be placed in one class, one-third in 
another and one-third in another. 

He moved that the Chairman appoint a committee to con- 
sider this question and to report on it at the next session. He 
suggested also that this committee consist of ex-chairmen and 
px-sprr(^tarie8 of the Section. This question was so broad and 
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intricate, requiring the consideration of so many points, that 
he suggested that the committee report at the next session. 

The Chairman said that the committee, as he understood, 
could report at its convenience. 

The Secretary said that the Section officers had realized for 
some time that there should be a change made in the program. 
A number of men throughout the country were doing excellent 
work in medicine, and it had been impossible to accept desirable 
papers from them. Dr. Miller said that each year the Section 
officers had had applications from one hundred men, asking to 
present papers before the Section, and the majority of these 
papers had to be excluded because of the limitation of forty 
papers to each meeting. If they allowed twenty minutes for 
the presentation of each paper, and a proper amount of time 
for each paper to be discussed, it would be too much for the 
program. 

The Secretary said that all this meant that there should be 
a change made in the program allowing of six, eight or ten- 
minute papers; this would allow more good men on the pro- 
gram. He thought that it would be a good idea if some 
arrangement could be made by which a paper could be pre- 
sented in abstract form; then a number of men could discuss 
it, and still a larger number of papers be presented. An in- 
crease in the number of papers was a thing to be desired. 

Dr. William S. Thayer, Baltimore, said that he would like 
to point out that if this method were adopted it would be 
necessary to know before the time of session what men would 
attend the session of the Association, and of their adherence 
to this Section. Those desiring to attend should notify the 
authorities; then the abstracts of papers could be sent them 
prior to the session. Dr. Thayer said that this was what was 
done in the international congresses. 

Dr. Wells' motion was carried. 

The Chairman appointed the following men to serve on this 
committee: Drs. George Dock, Ann Arbor; Alexander Lam- 
bert, New York; Allen A. Jones, Buffalo; Edward F. Wells, 
Chicago. 

Dr Henry Bus well, Buffalo, read a paper on "A Case of 
Syphilitic Infection of Fourteen Years' Duration with Pro- 
tracted and Unusual Febrile Symptoms." Discussed by Drs. 
Joseph L. Miller, Chicago; William J. Butler, Chicago; Charles 
G. Stockton, Buffalo; William S. Thayer, Baltimore; C. F. 
Hoover, Cleveland, and Henry Buswell. 

Dr. Walter Bierring, Iowa City, read a paper entitled, 'He- 
missions in Pernicious Anemia and Their Significance." Dis- 
cussed by Drs. Charles G. Stockton, Buffalo; William S. 
Thayer, Baltimore; Alfred Stengel, Philadelphia; Adolph Th. 
Paulson, Chicago; W. M. McCabe, Nashville; Hugo A. Freund, 
Detroit; J. A. Witherspoon, Nashville; Jesse S. Myer, St. 
Louis; and Walter Bierring, Iowa City. 
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Dr. Douglas Vanderhoof, Richmond, Va., read a paper on 
"Clinical Method for Determining the Sodium Ghlorid Content 
of the Blood and Other Body Fluids." Discussed by Dr. Elliot 
P. Joslin, Boston, and Dr. Douglas Vanderhoof, Richmond, Va. 

Dr. Harry Goodall and Dr. Elliot P. Joslin, Boston, pre- 
sented a paper entitled, "Experiments on a Salt-Free Diet and 
Salt Metabolism, with Especial Reference to Diabetes Mel- 
litus." Discussed by Drs. Alexander Lambert, New York; J. M. 
Allen, Liberty, Mo.; G. M. McCaskey, Fort Wayne, Lid., and 
Elliot P. Joslin, Boston. 

Dr. R. H. Bellamy, Wilmington, N. C, read a paper on "An 
Epidemic of Pellagra." Discussed by Drs. William S. Thayer, 
Baltimore; John L. Dawson, Charleston, S. C; Alfred Meyer, 
New York; and R. H. Bellamy, Wilmington, N. C. 

Dr. Christopher Graham, Rochester, Minn., read a paper on 
"Gastric and Duodenal Ulcer." Discussed by Drs. W. J. Mayo, 
Rochester, Minn.; Fenton B. Turck, Chicago; J. M. Allen, Lib- 
erty, Mo.; Bertram W. Sippy, Chicago; Elliot P. Joslin, Bos- 
ton; G. W. McCaskey, Fort Wayne, Ind.; Judson Daland, 
Philadelphia; M. Milton Portis, Chicago; and Christopher 
Graham, Rochester, Minn. 

Thursday, June 4 — Afternoon. 

Dr. Heinrich Stem, New York, read a paper entitled, "Re- 
searches Concerning Compensatory Diarrheas." Discussed by 
Dr. George N. Jack, Buffalo. 

Dr. Edward F. Wells, Chicago, said that the committee ap- 
pointed desired to make a preliminary report and, in the ab- 
sence of the chairman of that committee, Dr. Dock, he would 
present it. It was as follows : 

Your committee, in presenting this preliminary report, is 
of the opinion that a fair presentation of conclusions and 
recommendations of the subject of program methods which 
you have delegated to it would require much prolonged con- 
sideration that a full report should be presented to the Sec- 
tion at its session next year; meanwhile your indulgence and 
assistance are asked. At this time, however, the committee 
will make some suggestions which are thought useful to the 
Section officers for their consideration in preparing the pro- 
gram for the ensuing year. These are, broadly, as follows : 

At the discretion of the Section offitsers there should be in- 
cluded in the progi'am the following classes of papers: 

A. A series of symposiums, each consisting of not more than 
three papers, the presentation of which shall be limited to not 
more than twenty minutes each, with discussions limited to 
not more than ten minutes for the first, and five minutes for 
each subsequent speaker. 

B. A series of well-selected papers on highly important sepa- 
rate subjects, the presentation of which shall not exceed 
twenty minutes each, with discussion limited to ten minutes 
for the first, and five minutes for each subsequent speaker. 
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G. A series of short papers, the presentation of each to be 
limited to ten minutes, with discussions limited to five min- 
utes to each speaker. 

D. A series of papers to be presented in full abstract, the 
reading of which shall not exceed five minutes, with discussion 
limited to five minutes for each speaker. 

E. A series of highly scientific research papers, to be printed 
in full, and distributed to members on request, at least two 
weeks before the meeting, with written discussion, not exceed- 
ing four himdred words presented to the Secretary on the 
opening day's session, to which the author of the paper may 
have access, with an allowance of ten minutes for him to pre- 
sent his position and reply to the written criticisms filed. 

The practical application of these suggestions is left to 
the untrammeled good judgment of the Section officers, offering 
the hearty cooperation of the committee, and requesting such 
cooperation on their part and on the part of the members of 
the Section, in the consideration of the entire problem, and in 
the formulating of conclusions for presentation at the next 
annual session. 

In conclusion, it is the sense of the committee that while 
rules and regulations may aid in furnishing the work of the 
Section they can not supplant the personal attention, judg- 
ment and discretion of the Section officers, but that on them 
in their preparation and management of the program and the 
conduct of the section work will largely depend the successful 
session. 

In this connection it is recommended that fully accredited 
members make use of their prerogative in rising to a point of 
order whenever time is trespassed on by members in the pre- 
sentation of papers or in their discussions. 

Geobge Dock, Chairman. 
Allen Jones, 
Alexander Lambert, 
Edward F. Wells, Secretary. 
The report was adopted. 

Dr. Ralph S. Lavenson, Philadelphia, read a paper on "Acute 
Hemorrhagic Necroses of the Suprarenal Bodies." Discussed 
by Drs. "S. Marx White, Minneapolis, and Ralph S. Lavenson, 
Philadelphia. 

Drs. S. Marx White and Chelsea C. Pratt, Minneapolis, pre- 
sented a communication on 'Trichiniasis, with Report of Nine 
Cases." Discussed by Drs. William S. Thayer, Baltimore; S. R. 
Pietrowicz, Chicago; Joseph L. Miller, Chicago; Alfred Meyer, 
New York; James B. Herrick, Chicago, and S. Marx White, 
Minneapolis. 

Dr. Alfred Stengel, Philadelphia, read a paper on "Modifica- 
tions of the Clinical Course of Typhoid Fever Under the Infiu- 
ence of Menstruation and the Successive Menstrual Epochs; 
Treatment." Discussed by Dr Philip Marvel, Atlantic City, 
and Dr. Scott P. Child, Kansas City. 
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Dr. H. Bascom Weaver, Asheville, N. C, read a paper en- 
titled, "Tuberculin Therapy; Its Indications and Practical 
Application in the Treatment of Tuberculosis." Discussed by 
Drs. Koessler, Chicago; William Litterer, Nashvillei Tenn., and 
H. Bascom Weaver, Ashevillei N. C. 

Fbidat, June 6 — MoBinNG. 

On motion of Dr. Johnson, Chicago, the Secretary was in- 
structed to thank the congregation of Sinai Temple for the 
meeting place furnished the Section. 

Dr. L. W. Ladd, Cleveland, read a paper on "Serum Treat- 
ment of Meningitis." 

Dr. Lewellys F. Barker, Baltimore, and Dr. Frank J. Sladen, 
Baltimore, presented a paper entitled, "Report of a Series of 
Cases of Meningitis." 

These two papers were discussed by Drs. W. S. Chase, Akron, 
Ohio; Johnson, Chicago; Edward F. Wells, Chicago; Joseph 
Eichberg, Cincinnati; Koessler, Chicago; D. £. English, Mill- 
bum, N. J.; 0. M. Gilbert, Boulder, Colo.; L. W. Ladd, Cleve- 
land, and Frank J. Sladen, Baltimore. 

Dr. Hugo A. Freund, Detroit, read a paper entitled, "Pathol- 
ogy, Diagnosis and Treatment of So-called Hodgkin's Disease." 
Discussed by Drs. George Dock, Ann Arbor; Walter Bierring, 
Iowa City; John M. Swan, Philadelphia; George Douglas Head, 
Minneapolis; Edson B. Fowler, Chicago, and Hugo A. Freimd, 
Detroit. 

Dr. J. W. Shankland and Dr. William Engelback, St. Louis, 
presented a paper on 'The Diagnostic Value of the Cutaneous 
and Conjimctival Tuberculin Reaction." Discussed by Drs. 
Gerald Bertram Webb, Colorado Springs; Frank Smithies, Aim 
Arbor; H. Bascom Weaver, Asheville, N. C; John M. Swan, 
Philadelphia; Frederick T. Lord, Boston; Hugo A. Freund, 
Detroit; S. Marx White, Minneapolis; George Douglas Head, 
Minneapolis, and William Engelback, St. Louis. 
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